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At the present a complete taxonomic 
review of the Anthocerotales is making 
satisfactory, if slow, progress. Whilst in 
general the results of this work will be held 
back for publication as a whole, the follow- 
ing items, for different reasons, appear to 
merit separate presentation. My thanks 
are due to the John Simon Guggenheim 
Memorial Foundation for its support of part 
of this work. Above all, I am indebted 
to those friends, colleagues, and curators, 
without whose generous help in collecting, 
transmitting or lending material these 
studies could not have been undertaken. 


9. On Phaeoceros laevis 


INTRODUCTION; LONGEVITY OF SPORES — 
It is not possible to generalize about the 
geographic distribution of Anthocerotales: 
each species has to be considered sepa- 
rately, as the examples may illustrate. 
Anthoceros neesii is known from a few 
localities in a small part of Central Europe. 
Anthoceros mandom occurs on both sides 
of the Central Atlantic, mainly in Maca- 
ronesia and the Antilles ( for both species 
cf. Proskauer, 1957). Anthoceros ambot- 
nensis has been found in Indonesia, the 
Andamans, and Ceylon (cf. Meijer, 1954; 
Bhardwaj, 1948, as a new species). 
Anthoceros fuciformis (cf. Proskauer, 
1953 ) is now known to be present through- 
out the tropical belt except for the Ameri- 
can part, ranging from the Cameroons 
east to Hawaii, quite a different picture 
from that presented by the genera Dendro- 
ceros and Megaceros which are common in 
all but the African tropics. Plants appa- 
rently belonging to Phaeoceros laevis are 
scattered throughout the world. 

It is this latter species that was made 
the subject of an intensive study with the 


object of providing a basis for taxonomic 
judgement. Its spores, unlike those of 
most species in the order, are viable for 
over ten years. (E.g., spores from dried 
plants of subsp. /aevis gathered in North 
Wales, locality “ Britain 1”, in August 
1944, were germinated in September 1957. 
Germination was perhaps somewhat slower 
than that of fresh spores, but a perfectly 
normal crop of plants resulted.) This 
made possible not only the culturing of 
samples specially collected, but also the 
germination of spores from reasonably re- 
cent exsiccata sent for determination. Soil 
and/or agar cultures were established from 
representative collections from throughout 
the world; these were compared with 
each other and the field samples. 

The basic problem to be answered was 
whether these plants from diverse places 
are identical or not, whether they really 
should be considered conspecific, and if 
so, whether geographic races are present. 

MORPHOLOGY: Thallus — The gameto- 
phyte of Phaeoceros laevis is, to the point 
of irritation, devoid of characters amen- 
able to mensuration. Basic to its con- 
struction is a system of dichotomous 
branching which results automatically in 
a fan pattern and later in a rosette. But 
whereas in other organisms (e.g. Riccia ) 
such a pattern is diagrammatically dis- 
played by the adult thallus, here it is 
obscured. There are aS many growing 
points as there are ultimate ends in the 
dichotomous pattern, but the spatial sepa- 
ration of the growing points is irregular: 
there is a high degree of ‘‘ webbing ” and 
a leading edge of a thallus lobe grown 
under ordinary conditions will incorpo- 
rate a number of growing points. It is 
more common for the shanks of a growing 
point dichotomy to adhere laterally than 


* The first number of Volume 7 ( pp. 1-112) was published in October 1957. 


113 


114 


for them to be separated by a physical 
forking of the thallus tissue. I do not 
know what factors control, under given 
conditions, separation as opposed to web- 
bing; I have been unable to discern a 
regular predictable pattern. Only some 
of the actual forkings of the thallus are 
explicable on the basis of crowding. Ina 
system of repeated single plane dicho- 
tomies, where an excessive rate of dicho- 
tomy is out of balance with the rate of 
growth of the shanks, a peripheral crowd- 
ing results, bringing the growth of some 
of the shanks to an automatic halt. This 
is indeed the case in our plant, where under 
normal conditions the thallus is firmly 
affixed to the substrate and will not over- 
grow its own lobes. Arrested growing 
points are then present on the sides of the 
lobes. 

Previously I have reported ( Proskauer, 
1948a) how changes in light intensity 
and humidity deeply affect the ap- 
pearance of the thallus. Thus, for in- 
stance, thalli grown under conditions of 
high humidity and low light intensity are 
no longer webbed and horizontal, but 
broken up into erect lobes with a single 
growing point each. In the process the 
width of individual lobes may be reduc- 
ed from, say, 7 to less than $ mm. 
Increase of humidity under normal light 
conditions results in horizontal thalli 
which are thinner, flatter, more irregular, 
and have few rhizoids. With such wide 
inherent variability a comparison of field 
samples is of little value; in practice 
the main information this yields is an 
indication of local microclimatic condi- 
tions prior to the time of collection. 
Culturing many samples from different 
areas on soil and mineral nutrient agar 
showed that, with the reservations men- 
tioned in the next paragraph, they all had 
essentially the same vegetative variation 
range as the material initially investi- 
gated. I have not been able to obtain 
any meaningful measurements. Perhaps 
simultaneous culture of different samples 
under rigorously controlled conditions 
might yield such. The real difficulty here 
lies in the provision of comparable speci- 
mens at the start of the cultures, be they 
spores of the same age or closely com- 
parable lobes. ‘ 
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The material of Phaeoceros laevis is 
normally quite easy to grow and to main- 
tain. However, a limited number of the 
samples proved difficult. They did not 
grow well, and both culture and field speci- 
mens were relatively small. A possible 
explication of the behaviour of some of 
these is put forward below among the 
cytological observations. 

Cell size and thallus thickness, useful 
characters in some bryophytes, are here 
subject to an individual variation con- 
founding the reliability of comparisons. 
Chloroplast structure, a variable character 
in the genus, conforms, throughout the 
present material, to the type with central 
“pyrenoid ”, there being basically a 
single chloroplast per cell in the surface 
layers. The presence of mucilage cells 
like those of Megaceros ( as opposed to the 
mucilage filled schizogenous cavities of 
Anthoceros ) is easily overlooked. They 
are best demonstrated by bulk staining 
preserved material in aqueous methylene 
blue solution. Sometimes most of the 
interior cells contain a certain amount of 
mucilage, sometimes mucilage is scarce or 
practically absent. The greatest mucilage 
production was observed in the field 
samples of ‘‘ Hawaii 4’’, where the dense 
contents of the mucilage cells could be 
seen with the naked eye as white dots 
in the preserved material. The same 
material in culture produced less mucilage, 
an observation in keeping with my find- 
ings on cultures of the tropical Megaceros 
vincentianus. But mucilage production is 
not a phenomenon characteristic of tropi- 
cal specimens; indeed some tropical sam- 
ples have very little, and one may find 
quite abundant mucilage in cultures of 
temperate origin (e.g. ‘ Wisconsin 2”, 
“ Britain 1”) under as yet not under- 
stood conditions. My impression is that 
of a metabolic character with a limited 
amount of genotypic and a high degree of 
phenotypic variation. The slime pores 
on the lower surface of the thallus are 
present throughout, and all field collec- 
tions harboured blue-green algal endo- 
phytes. 

The thallus may prodyce organs of per- 
ennation, the tubers Er 1948a ). 
They are formed mainly towards the 
end of the growing season, or when an 
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agar culture medium becomes exhausted. 
The tubers are usually organized behind 
the growing points within the regular 
thallus. Rarely are they developed at 
the tips of sprouts from the lower surface 
of the thallus ( ventral tubers ), and then 
they are either sessile or very briefly 
stalked. Tubers organized behind the 
growing points at the leading edge of the 
thallus tend to be broader than those at 
growing points left behind at the sides of 
lobes. The tubers can survive a limited 
amount of desiccation lethal to all other 
parts of the plant but the spores. They 
readily germinate into new thalli when 
moisture again becomes available. The 
formation of the uncommon ventral 
tubers is in cultures often associated with 
regeneration phenomena, but they have 
been found also in the field. The ability 
to form the ordinary tubers is highly 
variable. Some strains do so abundantly 
Meee Bil)? Britain 7°’); in’ other 
strains tuber formation is rare or has not 
been observed. Thus I have never seen 
tubers in “ California 3 ” in the field or in 
culture, but an occasional tuber has been 
found in otherwise similar populations in 
the area of San Francisco Bay. I suspect 
that the ability to form tubers is inherent 
in all material. 

Sex Distribution — It soon became appa- 
rent that certain of the samples were 
dioecious whilst most were monoecious. 
The dioecious plants are considered to 
comprise the subsp. /aevis, the monoecious 
plants the subsp. carolinianus ( Proskauer, 
1954b, 1957). The detailed structure of 
the sex organs is alike in the two sub- 
species. The archegonia are invariably 
equipped with mucilage mounds (cf. 
Proskauer, 1948a, Fig. 6), a feature now 
known to be characteristic of the Antho- 
cerotales as a whole. The number of 
antheridia per cavity varies on an in- 
dividual thallus. Rarely does one find a 
solitary one, usually the number is 2-4, 
and occasionally there may be some 
cavities with up to 8 antheridia. The 
variable size of the antheridial body does 
not appear to have any significant 
diagnostic value. 

Sporophyte — The growth of the sporo- 
phyte is controlled by the length of time 
of the functioning of the intercalary meri- 
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stem, in turn a function of the vigour of 
the gametophyte and the density of sporo- 
phytes borne by it. The sporophyte is 
dependent on the gametophyte in the 
following sense. Earlier experiments of 
mine (largely on “ Britain 2”) showed 
that sporophytes prevented from photo- 
synthesizing by aluminium foil tubes 
( applied at a time prior to eruption of the 
tip of the embryo from the gametophytic 
sheath ) would grow to about the same 
extent as unobscured controls on the same 
thallus, but would not mature spores. 
(In similar experiments on a species of 
Anthoceros, Rink, 1935, recorded also the 
production of mature spores.) On the 
other hand, dissected out sporophytes, 
whether planted in nutrient agar or soil, 
or merely dropped on a soil surface, will 
not grow but continue to mature spores 
until the already formed sporogenous 
tissue is exhausted. Whereas the overall 
dimensions of the sporophyte are highly 
dependent on the environment, the ‘ hard 
parts” of the sporophyte with their 
thickened walls, especially the spores 
discussed in detail below, yield the 
most tangible characters in the whole 
plant. The dehiscence mechanism with 
its variations conformed in all material 
to my previous description ( Proskauer, 
1948b ). 

Spores — At first sight it was clear that 
differences exist in the dimensions of the 
spores and it was hoped that here might 
be found tangible characters for intra- 
specific differentiation. To test this, 
measurements were made of the maximum 
diameters of spores selected at random in 
groups of thirty from single sporophytes 
(Table 1). (These measurements were 
made by an assistant who did not know 
the source of the individual preparations 
which merely bore a number.) The 
entries with an asterisk represent sporo- 
phytes grown in the laboratory, all 
the others are field samples. The entries 
in parentheses represent questionable 
samples. The prefix ‘1’ denotes subsp. 
laevis, ‘“‘c’”’ subsp. carolinianus. 

The significance of spore size variation 
may be gauged by comparing the entries 
“ Australia 1” (from different sporo- 
phytes of a field collection from near 
Sydney) with each other and with the 
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entries “ Australia 1*”’ (from different 
sporophytes of a culture grown at Berkeley 
from the same field collection) and also 
by a comparison of the entries “ Peru 2” 
( field sample ) and “ Peru 2* ” ( grown at 
Berkeley from the same collection ). The 
Peruvian example is especially illuminat- 
ing as the original locality is in the tro- 
pical rain forest of the upper Amazon 
region. The two counts on “ Britain 7”, 
although separated on the chart, actually 
have the same base and differ only in a 
one measuring unit shift in the mean. 
Apparently spore size range in an indivi- 
dual strain is reasonably constant and 
independent of the environment. In the 
“ Australia 1’ samples sporophytes of 
various sizes were included, but yielded 
similar results. 

The entries for subsp. laevis are scat- 
tered among those for subsp. carolinianus 
and cannot be separated. However, they 
tend to be smaller than the entries for 
subsp. carolinianus from Europe. The 
monoecious plant ‘Coimbra 7” was 
initially separated from numerous dioe- 
cious samples from the same area (such 
as “ Coimbra 18”) by a glance at the 
spores. But then the spores of “‘ Coimbra 
7” are among the largest recorded for 
subsp. carolinianus and those of ‘‘ Coimbra 
18” are fairly small for subsp. laevis. 

Considering subsp. carolınianus as a 
whole it is seen that the extreme samples 
do not even overlap in base, but that they 
nevertheless are connected by a con- 


tinuous series of intermediates. The 
strains from the tropics tend to have small 
spores. 


Certain tendencies seem to exist, but 
I am unable to exploit the size data as 
such to yield lines of taxonomic demarca- 
tion. 

The mature spores are a translucent 
golden yellow in colour (occasionally, 
especially in slightly immature spores of 
preserved material, this may become 
changed secondarily to a brownish yel- 
low). Their entire surface shows.a fine 
granulation, which is just barely discern- 
ible with the light microscope, as well as 
scattered coarser markings. On the outer 
face the coarser markings are granular or 
conical or slightly spiny. On the inner 
faces they are rarely absent completely; 
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normally granules of various sizes are 
found here in some kind of pattern. 

In surveying the spores of many samples 
I felt confident that differences in the 
markings might be employed as taxonomic 
characters. In this I was disappointed 
the moment I attempted a rigorous in- 
vestigation. Fig. 1 shows the markings 
of spores of subsp. carolinianus from the 
type collection from Carolina (the spores 
marked “ Type** ” come from a single 
capsule) and from a collection from 
Westphalia (all from one capsule). The 
trouble is that here already is bracketed 
the range of spore markings which I con- 
sider as falling into my current concept 
of the species (exclusive of the putative 
hybrids mentioned in the Discussion ). 
To be sure, the various inner spore face 
markings, for instance, that were seen in 
a single capsule were found by searching. 
In an individual collection, the great 
majority of all spores will have similar 
markings, such as a cluster of coarse 
granules in the centre of each inner face, 
or, in another instance, say, no mark- 
ings at all in the centre of the inner 
faces. There does not seem to be any de- 
finite correlation between any particu- 
lar appearances of the outer and inner 
faces. 

The markings of the inner faces of the 
spores of subsp. /aevis show the same 
variation as that illustrated for subsp. 
carolinianus, except that I have not found 
any that were completely smooth, nor any 
with markings exclusively in the centres. 
The outer faces have conical subspiny to 
spiny markings also within the variation 
range of subsp. carolinianus. 

Again one is dealing with an unsharp 
“ statistical’ character: The majority of 
spores of a strain are fairly uniform in 
detail of ornamentation, but variation is 
continuous and on a broad base. 

CYTOLOGY — Previously  ( Proskauer, 


1948a) I demonstrated that dioecious 
plants (subsp. laevis) havea haploid 
chromosome set of four autosomes 


coupled with single small heterochromatic 
sex chromosomes, which are _ slightly 
different in size in the two sexes. The 
sex chromosomes show meiotic pairing 
and segregation. This is illustrated in 
Fig. 2. It should be noted that the sets 
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from male plants marked (A) are taken 
from squashes of antheridia, the others, 
including the female sets, are from grow- 
ing points. 

The monoecious plants examined all 
had a haploid set of 5 chromosomes 
in their antheridia ( Proskauer, 1954a ). 
One of these chromosomes, as in subsp. 
laevis, stands out as bearing a nucleolus 
organizer region. I suspect four of the 
five chromosomes to correspond to the 
autosome set of subsp. /aevis, but cannot 
prove this as, so far, crosses have not been 
attempted. The fifth chromosome, seem- 
ingly one of the smaller ones, clearly is of 
greater volume than the combined x and y 
chromosomes of the dioecious plants. As 
the drawings of prophase stages indicate, 
it does not appear markedly heterochro- 
matic. The size differences between the 


oo, Ed 


+ 


ty 


Westfalen* 


Type** 


Westfalen® 


Type** 


[ October 


pictured sets (e.g. between the pairs of 
metaphases of ‘‘ Assam 2” and “ Fiji”) 
reflect merely the cell generation from 
which they are taken in the developing 
antheridium. In the successive stages of 
antheridial differentiation the cells be- 
come smaller, and so do the chromosomes. 
In the last divisions of the spermatogenous 
tissue the cells and chromosomes are 
minute. Most drawings here (Fig. 2) 
are from early stages. 

At the start I became greatly perplexed 
at blatant inconsistencies observed in my 
preparations. Whilst chromosome sets 
from antheridia always were of just five 
chromosomes, they would differ from those 
recovered from the adjacent vegetative 
tissue and the growing points which had 
produced them. In the latter could be 
seen the same five chromosomes as before, 
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Fic. 1 — Variation of markings of outer and inner faces of spores of Phaeoceros laevis subsp. 


carolinianus. 


from one capsule. (From Proskauer, 1957.) 


Overall minute granulation omitted. Spores with same asterisk designations are 
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but in most cases there were in addition 
minute heterochromatic chromosomes of 
the aspect of the sex chromosomes of 
subsp. laevis. The number of accessory 
chromosomes seemed constant in an in- 
dividual thallus, but sometimes it ap- 
peared that different plants of a.single col- 
lection differed in this aspect. The reader 
may refer to the scale affixed to the 
figures to assess the difficulties of correct 
determination. To convince myself of 
the existence of a definite number of 
accessory chromosomes in a thallus re- 
quired the recovery of several, perfectly 
spread chromosome sets from its growing 
points. This generally involved a major 
investment of time. 

To gain more information a clone was 
prepared by regeneration of fragments of a 
single thallus of the culture “South 
Carolina”. In this clone the antheridia 
again lacked accessory chromosomes, but 
three were uniformly present in the 
somatic tissue. After vegetative mainten- 
ance of the clone in stock culture for 2} 
years a sample check showed the chromo- 
some set unaltered. 

To the taxonomic problem the existence 
of these accessory chromosomes contri- 
butes but little elucidation. The re- 
covery of as many as 4 and 5 (those 
marked “ Westf.* ”” are from one thallus ) 
of them in the plants from Westphalia, 
in which, however, I also have a question- 
able count of one, and an impression that 
the plants from Wisconsin may also be 
rich in them, leads me to the suspicion 
that when the number of accessories is 
four or more, the overall growth of the 
thallus is impeded. 

The existence of a variable number of 
accessory chromosomes was first noticed 
by me in a species of Megaceros from 
Peru (Figs. 18, 19). The field material 
showed considerable variation in the re- 
lative frequency of male and female sex 
organs. Although this may have its 
basis in the number of accessory chromo- 
somes, I have produced no proof of it. 
A correlation between the number of 
accessories and sex organ frequency does 
not seem to exist in Phaeoceros laevis 
subsp. carolinianus. 

The differences between the two sub- 
species and the occurrence of the acces- 
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sory chromosomes in subsp. carolinianus 
explain certain inconsistencies between 
my earlier observations ( 1948a ) and the 
findings of certain other authors, especially 
Tatuno (1934, 1941). However, I still 
cannot subscribe to Tatuno’s interpreta- 
tion of the largest chromosome as a hetero- 
chromosome and its purported interphase 
behaviour. I still believe that the in- 
terphasic extranucleolar heterochromatic 
material in both subspecies, which some- 
times, but not always, assumes V 
shape, is not a single chromosome but is 
composite, and not necessarily even com- 
pletely chromosomic in nature. Further- 
more, I cannot properly diagnose the 
number of accessory chromosomes by 
examination of interphases. 

A further investigation of the accessory 
chromosomes would be a full-time project 
in cytology and is not now contemplated. 
A brief summary of the findings is here 
presented at the suggestion of Prof. 
Vaarama (Turku, Finland). Accessory 
chromosomes are absent in antheridia, in- 
cluding the antheridial jackets. Up to 5 
are present in the growing points of the 
thalli. I believe that sometimes they are 
wanting there too, but am not absolute- 
ly certain. The accessory chromosomes 
are heterochromatic at prophase. They 
divide and become normally distributed to 
the poles. It may be that their division 
slightly precedes that of the other chromo- 
somes. No information is available on 
the archegonia: to identify division in 
developing archegonia is next to im- 
possible in squash preparations, as a clear 
separation from the somatic tissue is 
absent. Similarly, early stages in the de- 
velopment of antheridial complexes, which 
might yield information on the mecha- 
nism of suppression of the accessory chro- 
mosomes, have not been identified. An 
attempt might be made to section first 
and squash afterwards. The number of 
accessory chromosomes is constant in a 
clone. Accessory chromosomes can also 
be found in sporophytic: tissue. The 
figures of “ Australia 1” which show what 
I could see are presented without com- 
ment. Those marked with an asterisk 
are from a single sporophyte. The 
final one shows the second meiotic ana- 
phases of one spore mother cell. 
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DISTRIBUTION: AND HABITAT — The en- 
tries on the map ( Fig. 3) represent only a 
selection of the samples which I myself 
have examined in some detail. It is thus 
highly incomplete, but nevertheless quite 
representative. 

Subsp. laevis (square marks) has a 
European mediterranean-atlantic distri- 
bution. Where it occurs, it tends to be 
commoner than subsp. carolinianus ( from 
south-western Britain only subsp. laevis 
is known to me). The two have been 
found in proximity in some Iberian loca- 
lities. The record ‘‘ Yunnan’’, China, 
has been placed in brackets pending con- 
firmation from living plants. It is based 
on a single scant exsiccate. I believe the 
plants to be dioecious: antheridia have 
been seen only on smaller, separate thalli, 
on which they are, however, abundant. 
In general the ‘“‘ Yunnan”’ plants are 
small, delicate, channelled, and with a 
tendency for the midrib region to be 
fleshy and sometimes fairly clearly offset 
from the wings. Their dehiscing sporo- 
phytes are short (longest ca. 14 cm). (See 
remarks on presumed dioecious material 
from Chile added in proof to Discussion.) 

The distribution plotted for subsp. 
carolinianus (round marks) at first sight 
yields, what I believe, a deceptive im- 
pression. The point is that it is the micro- 
climate, not the macroclimate, that is 
relevant here. One might speak of all the 
habitats as temperate microclimatically. 
By way of illustration: The Icelandic col- 
lection would seem to be extreme, but we 
find ( Hesselbo, 1918, p. 5711) that the 
locality is in fact next to a hot-spring 
basin, and that its soil temperature was 
25°-27° just below the surface. At the 
other extreme the locality of “ Peru 2” 
was a recent ditch cut in the relatively 
cool floor and in the deep shade below the 
dense canopy of the upper Amazon forest 
at an elevation of about 640 m. I was 
attracted to the ditch because it looked 
like the kind frequented by these plants 
in temperate parts. Somewhat farther 
east ( “ Peru 6-8”’) I found the plant, at 
elevations extending from about 500 to 
1850 m, next to the roadway in a gorge 


1. The Icelandic plants have been misidenti- 
fied as Anthoceros punctatus since the time of the 
“ Flora danica’’ ( Oeder, 1768 ). 
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with steep cliffs dripping with water. The 
individual patches were in the shade below 
waterfalls, etc., and associated at the 
lower levels with Megaceros vincentianus. 
‘ Cameroons 2”’ comes from an elevation 
of ca. 1070 m on Cameroon Mountain, 
‘Tanganyika 1” from deep shade at ca. 
1580 m in the Usambara mountains, 
‘ Congo ” from under tall grass at ca. 780 
m. Indeed, where detailed locality in- 
formation is available, tropical collections 
invariably prove to stem from highlands 
or from especially shady situations, and in 
the vast majority of cases both conditions 
prevail. 

Moisture conditions apart, the major 
differences between the individual habitats 
in various latitudes would seem to be mini- 
mum temperature and daylength. Con- 
cerning the latter, my prior comments on 
subsp. laevis (Proskauer, 1948a, pp. 
252-53 ) are in essence applicable to subsp. 
carolinianus. Sex organ formation in 
wild northern hemisphere material may 
commence in early September and tends 
to cease in May. Sometimes the first 
organs (then antheridia) appear at the 
end of August; sometimes one finds re- 
cently produced sex organs (then arche- 
gonia) as late as June: such gatherings 
may be hard to recognize as monoecious. 
Plants grown from spores in the autumn 
are slightly protandrous, those started in 
the winter may begin with forming 
antheridia, archegonia, or a mixture of 
both. To this pattern southern hemi- 
sphere temperate samples, as well as the ~ 
tropical samples, that have been cultured 
at Berkeley in general also conform. It 
appears that induction of sex organ forma- 
tion usually does not occur from the sum- 
mer solstice until a few weeks before the 
autumn equinox. These findings are 
based on incidental records rather than a 
rigorous investigation and no experiments 
excluding a possible temperature effect 
have been performed. I suspect, how- 
ever, that daylength factors are indeed 
controlling. 

Occasionally Phaeoceros laevis occurs in 
ploughed fields (much less commonly so 
then, in Europe, Anthoceros punctatus var. 
cavernosus ) and then perforce is annual. 
In the great majority of cases it is peren- 
nial, As a perennial it may survive a dry 
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season by means of tubers. (Spores, of 
course, are formed as well.) But the 
most common habitat of all is one that is 
permanently moist, allowing continuous 
vegetative activity. Thus in the area of 
San Francisco Bay, California, it only 
occurs on permanently moist stream 
banks, and below waterfalls and spring 
spouts. The local strain is one in which 
tuber formation is clearly induced with 
difficulty; it does, however, very rarely, 
form tubers. The plants do not occur 
in the “ mediterranean’’ summer-dry 
habitats which are here much frequented 
by Phaeoceros pearsont, a species with pro- 
digious tuber production, and which other 
strains of P. laevis might find quite 
acceptable. 

OVERALL VARIATION — An attempt was 
made to compare the samples, taking into 
account several of the variable characters 
(Table 2). The choice and definition of 
these characters was in part quite hard, 
and I believe their values to differ greatly. 
Those taken from the spores are to me the 
most reliable. As an example of the other 
extreme, I have included the column on 
broad fan-shaped versus narrower strap- 
shaped lobes. It proved impossible to 
apply a separation, and the column is 
essentially meaningless. On gametophyte 
size I was finally reduced to separate those 
that to me appeared small from those that 
appeared normal. The tuber character 
suffers from the practical weakness that 
in a strain which can be shown to produce 
tubers readily, a given field sample may 
have been collected at a time of the 
season when no tubers were present. 
In the column on sporophyte thickness 
I was forced to differentiate between the 
measurements made on living or liquid-pre- 
served material (large letters) and those 
made on soaked exsiccates ( small letters ). 
The latter tend to yield artificially low 
measurements; even by soaking in deter- 
gent solution a sporophyte may not fully 
recover its original width. The distinc- 
tion normal versus long narrow (cf. 
Proskauer, 1951, fig. 38) for the elaters 
was unsharp (cf. op. cit., fig. 35, which 
shows both types). A third category, short 
stout elater cells, had to be abandoned. 

If, for a given character, all or a clear 
majority of specimens of a sample fell into 
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one category, a single mark was entered. 
A mark against ‘sporophyte 14-4 cm 
long ’’ means that the majority of the de- 
hiscing sporophytes ( including their bases) 
fell into this range, some smaller and/or 
larger ones may have been present. If 
there was no clear majority, more than one 
mark was entered. The reader may also 
compare the spore marking entries for 
“Carolina ( Type)’ and “ Westfalen ” 
with Fig. 1. 

The entries for subsp. /aevis, exclusive of 
“Yunnan ’’, seem to me to signify that the 
samples are reasonably closely related, and 
the general aspect of the block may be 
used to judge groupings under the other 
subspecies. 

I could not achieve a simple linear 
arrangement under subsp. carolinianus. 
Of numerous sequences tried I felt the one 
presented to be the best. It is biassed in 
the directions of geography, spore char- 
acters, and thallus size. The African 
samples were difficult to place in all at- 
tempted shuffles. Grouped in a_ block 
they appear to be heterogeneous. ‘Chile 
16” and “‘ Australia 1 ” were also hard to 
dispose of. 

DISCUSSION AND CONCLUSIONS — It has 
required many years to amass the sampling 
presented above. Whilst it is still quite 
superficial, I believe that valid conclusions 
may be drawn from it. In my opinion the 
specimens studied can all be fairly placed 
in one species. Sex distribution warrants 
a division at the subspecific level. The 
remaining variable inherited characters 
are mainly ‘statistical ’’, presenting con- 
tinua without sharp breaks. Essentially 
they are of the quality and range con- 
sidered quite normal in flowering plant 
species: the kind of characters evaluated 
by the geneticist in studies of Mendelian 
inheritance, rather than those seized upon 
by the taxonomist in erecting his system. 
To me further taxonomic subdivision here 
is neither desirable, nor even feasible from 
the practical standpoint: where would 
be the limits? I am aware that for some 
liverwort genera intricate taxonomic sub- 
divisions based on minutiae, and quite out 
of line with the treatment accorded seed 
plants and indeed also other liverworts, 
have been proposed and largely been re- 
jected (cf. comments on Cephaloziella by 
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TABLE 2-—VARIATION OF PHAEOCEROS LAEVIS 
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Miiller, 1956, pp. 1018-19, and Schuster, 
1953, p. 483). A recent sentence by Lund 
( 1956, p. 593) seems rather apt: ‘ There 
is a danger that, having reached a view- 
point similar to that of a shepherd who 
sees marked differences between sheep in 
his flock (a sheep no doubt sees even 
greater ones), a new taxon is made for 
each isolation.” The student of arche- 
goniate plants perforce sits between the 
algologist and mycologist at one hand, 
and the student of seed plants at the 
other. It is interesting to note that the 
former on the whole consider a worldwide 
distribution of a fresh water alga or a 
fungus perfectly unexceptionable, where- 
as the postulation of such a distribution 
tends to raise a sudden frown on the 
latter. A dogma of the limited area of 
distribution of species did indeed invade 
hepaticology. To me its perfect formula- 
tion stems from Schiffner. In 1893 
( p. 278) he proved to his satisfaction that 
a certain Amboinese Dendroceros was 
basically identical with a plant from the 
West Indies. But in 1898 (p. 352) he 
nevertheless created a new species for the 
Indonesian plant ‘on the principle that 
plants from widely distant floristic areas 
are to be separated if at all possible, even 
when they resemble each other very 
closely and the distinguishing characters 
are minute...” (transl.). Such a cate- 
goric principle I strongly reject. Schiffner 
later (1916, pp. 84-85) conceded the 
possibility of identity of geographically 
widely separated liverworts, provided 
there was a land bridge available, but it 
would seem that he placed much of his 
faith in convergent evolution. He strong- 
ly denied the possibility of a wide dispersal 
of spores, which he believed to have little 
resistance. 

A preliminary survey of the type speci- 
mens of the published species of Antho- 
cerotales suggests that Phaeoceros laevis 
has probably some 200 synonyms. Some 
of these are strictly nomenclatural. Others 
are based on misidentifications of (in- 
complete ) material, or a lack of knowledge 
of the variation range. Many were pro- 
posed on the basis of the “ limited area ” 
dogma. There is now some surprising 
evidence that a considerable proportion 
are the result of cupidity: the erection of 
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new species for (meagre ) financial gain. 
Only a small proportion seem bona fide 
attempts to separate plants from P. 
laevis on the basis of observed variant 
characters. One of the most interesting 
of these is Anthoceros flexivalvis Gottsche 
et Nees, under which name Gottsche classi- 
fied those of his American specimens of 
P. laevis which had narrow and fairly long 
sporophytes. 

In agreeing with Reichardt (1870, 
p. 147) that Phaeoceros laevis is probably 
found throughout the world, an attempt 
to explain the distribution is required. 
The key seems to lie in the remarkable 
resistance and longevity of the spores, 
remarkable for even in the Anthocerotales 
most species seem to have spores with a 
minimum of resistance or a longevity of 
less than two years. Whilst I can adduce 
no proof whatever, I cannot see why, 
even should their viability be decreased by 
radiation factors in the atmosphere, spores 
of P. laevis should not occasionally be able 
to drift around the world even several 
times and still land in viable condition. 
Such wide distance spore dispersal needs 
be of no more than exceedingly low fre- 
quency to account for the actual distri- 
bution pattern. Of much more limited 
importance I suspect to be human activity, 
especially the carrying of viable spores in 
bags of seed grain, a process which I be- 
lieve to explain much of the peculiar scat- 
tered distribution of Anthoceros punctatus. 

Why should the dioecious Phaeoceros 
laevis subsp. laevis be restricted to Europe 
(except for the questionable sample dis- 
cussed below)? Because for it to re- 
produce sexually two spores of opposite 
potentiality must fall within a few centi- 
metres of each other, and for this to occur 
the spore source must be reasonably close. 
A corollary should be the rare and pro- 
bably brief existence of single sex patches 
of the subspecies outside Europe. I 
once found a patch of only female plants 
of a Phaeoceros in the Peruvian Amazon 
region which structurally agreed with 
P. laevis. I know of no dioecious species 
in that area to which the plants might 
have belonged. To establish the sub- 
species carolinianus a single viable spore 
only is prerequisite. A survey of the 
localities in which the plants actually 
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occur has shown them to be essentially 
temperate microclimatically, their lati- 
tudinal distribution notwithstanding. The 
photoperiodic requirements believed to be 
general in the plants would allow them 
to produce sex organs in all of the localities. 

It appears that subsp. carolinianus is 
beginning to differentiate local races, 
which as yet are quite ill defined. Thus 
there is a tendency for the more boreal 
European-North American samples to 
have inherently smaller stature than their 
more southerly neighbours, but at this 
time they cannot be separated. In 
( especially the American ) tropics there is 
a tendency towards the differentiation of a 
strain with small spores, thin sporophytes, 
and long-celled elater chains. A quanti- 
tatively more complete sampling would 
no doubt have shown such tendencies more 
clearly. 

Certain samples from a given geo- 
graphic area can be matched in their de- 
tailed features against others from remote 
areas. This could be explained, besides 
on a retention of characters of the com- 
mon parental stock, on the bases of parallel 
evolution from the common stock, or 
genetic interchange. There is no evidence 
to regard subsp. carolinianus as being 
other than monophyletic ( but see below ). 
It is highly probable that parallel shifts 
in the mean values of certain of the 
basically variable characters have taken 
place in different areas, to bring about, 
for instance, similar spore size means or 
even similar predominant spore marking 
types. I believe also, although laboratory 
crosses have not been made, that inter- 
breeding of stock from different areas does 
actually occur. Such an _ interbreeding 
perforce will be very rare: first a spore 
from a different area must arrive and 
establish populations near those of the 
indigenous strain, to allow for mass in- 
oculation of new surfaces by a mixture of 
spores of both strains, so that plants of 
different origin may grow in close proxi- 
mity. Even then the reproductive mecha- 
nism of subsp. carolinianus is heavily 
weighted towards self-fertilization of thalli 
or clones. F3 

Which derives from which? Subsp. 
carolinianus from subsp. laevis or vice 
versa? And has the derivation been a 


PROSKAUER — STUDIES ON ANTHOCEROTALES V 


212% 


singular occurrence? The genera Noto- 
thylas, Dendroceros and Megaceros may 
prove to be entirely monoecious. The 
temperate species of Anthoceros are pre- 
dominantly monoecious, in the tropical 
ones monoecism and dioecism seem to be 
equally common. Phaeoceros, however, 
is predominantly dioecious. Situations 
involving sex distribution differences of 
roughly subspecific value comparable to 
the case under consideration are believed 
to exist also in the Phaeoceros bulbiculosus 
complex and in the common central 
Chilean Phaeoceros which differs from P. 
laevis only in its spore characters. The 
European samples of subsp. laevis form a 
reasonable block and are probably mono- 
phyletic. In their overall characters they 
match the generalized normal sized plants 
of subsp. carolinianus. The closest fit 
perhaps is with “ Australia 1’; the gene- 
ralized European-North American speci- 
mens of subsp. carolinianus tend to have 
somewhat larger spores. (There is a 
remote possibility that a factor of the 
nuclear volume/cell volume ratio type, 
based on the greater chromosome volume 
of subsp. carolinianus, may obscure things 
here.) The questionable “ Yunnan” 
sample oddly matches “ N. Italy 2” best. 

It is possible to postulate various 
schemes for the derivation of the subsp. 
carolinianus chromosome set from the 
subsp. laevis set, and vice versa. The 
accessory chromosomes of subsp. caro- 
linianus may well be part of the story. 
Apart from direct change, there is the 
possibility of sex change through segrega- 
tion of hybrids of interspecific crosses. 
In Europe now the only possible partner 
is P. bulbiculosus, a plant very distinct 
from P. laevis in its characters and known 
only in the dioecious condition in the area. 
There is no evidence whatever of. hy- 
bridization here. Of greatest interest is a 
collection of material from the Mussoorie 
Hills in the western Himalayas kindly 
communicated by Prof. Mehra ( Amrit- 
sar). It strongly suggests the recent hy- 
bridization and formation of segregants 
between the monoecious subsp. carolinia- 
nus and a quite distinct probably dioecious 
Phaeoceros (believed to be the taxon 
Anthoceros himalayensis Kashyap ). Such 
behaviour might lead to the independent 
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derivation of dioecious strains of P. laevis 
from subsp. carolinianus. These se- 
condarily dioecious forms could easily 
have almost all their characters derived 
from the P. laevis parent. The chromo- 
some number is very small, pairing and 
crossing-over rates in the hybrid zygote 
nucleus will probably be low, and segre- 
gant spores with a balanced viable fairly 
pure /aevis autosome complement are to be 
expected to occur with relatively high fre- 
quency. The sample ‘“ Yunnan”’ sug- 
gests that dioecious plants which on mor- 
phological grounds cannot be excluded 
from Phaeoceros laevis may indeed have 
arisen independently. After these lines 
were written, Prof. Herzog sent me a 
further Chilean sample of P. leavis from 
near Valparaiso. This tends to confirm 
what previously was just a suspicion bas- 
ed on the very scanty sample ‘ Chile 
15” : that dioecious plants referrable to 
this species also occur in Chile. A possi- 
ble de novo formation of a dioecious strain 
here is perfectly in keeping with the 
probability of intensive hybridization in 
the area, which is mentioned in the next 
paragraph with reference to the mono- 
ecious “ Chile 16”. 

Except for the foregoing paragraph no 
detailed mention has been made of hy- 
bridization between Phaeoceros laevis and 
other species of the genus. There is 
evidence, however, that hybrid swarms 
exist in a number of areas. In some in- 
stances the putative partners are readily 
identified. The tentative criteria of hy- 
bridity are largely the superposition of 
spore marking characteristic of other 
species on the /aevis markings, and also 
intermediate thallus forms. No experi- 
mental investigations have as yet been 
undertaken. The following may serve as 
examples. In South Africa forms occur 
which are intermediate between subsp. 
carolinianus and the taxon believed to be 
Anthoceros minutus Mitten. Of particular 
complexity is the situation in Chile. 
There are a number of questionable 
samples of varying spore and thallus 
structure. Their connection on one hand 
seems to be to the common Chilean 
Phaeoceros, which is like P. laevis except 
for its smoother spores, on the other hand 
to the P. bulbiculosus group with involve- 
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ment of what is believed to be the taxon 
Anthoceros argentinus Stephani. It seem- 
ed to me that P. laevis itself should 
occur somewhere in the area to account 
for these intermediate forms, but I could 
not find any unquestionable specimens 
among the very many collections examined 
until recently, when Prof. Herzog ( Jena ) 
very kindly sent me a number of unusual 
samples which included the material here 
labelled ‘‘ Chile 16”. In Hawaii normal 
subsp. carolinianus is common. But there 
are also specimens in which the typical 
P. laevis-type spore markings are super- 
imposed on a system of irregular warts on 
the outer spore face. These specimens 
may be of hybrid origin, but no possible 
partner is known from the islands. 

The matter of the accessory chromo- 
somes is one of no small cytogenetical 
interest and is also highly topical. It 
recalls the ‘“B’”’ chromosomes of certain 
grasses with the non-disjunction postu- 
lated variously at meiosis in the pollen 
mother cells and the first and second 
mitoses in the pollen grains ( cf. Bosemark, 
1950; Blackwood, 1956 )?; a mechanism 
for the formation of small accessories here 
has been put forward (Longley, 1956). 
Vaarama (1953, 1954) recently reported 
on the meiotic behaviour in two in- 
teresting cases of moss species with a 
variable number of accessories. The 
seeming elimination of the accessory chro- 
mosomes in the male organs of Phaeoceros 
laevis subsp. carolinianus has its close 
counterpart in the described peculiar 
happenings in some hepatics. The clas- 
sical case is that of Marchantia grisea 
Burgeff, where Haupt ( 1933) found that 
in one strain a minute (“zZ”) chromo- 
some was eliminated each time the un- 
stable female thallus gave rise to scattered 
antheridia or male lobes. The male 
gametes then have one less chromosome 
than the female ones. She provided good 
evidence that the unpaired “z’” chro- 
mosome in the spore mother cells may 
behave in a number of ways during 
meiosis. Those cases in which this chro- 
mosome divides in meiosis I may provide 
a clue to how the accessory chromosomes 


2. See especially : BoSEMARK, N. O. 1957. 
Further studies on accessory chromosomes in 
grasses. Hereditas 43 : 236-297. 
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are put back into the system in Phaeoceros 
laevis subsp. carolinianus. Lorbeer (1941) 
obtained a female mutant ( RV 25/1A ) of 
Sphaerocarpos donnellii with a high fre- 
quency of spontaneous change to the male 


condition (RV 25/1B), involving the 


elimination of a minute heterochromatic 

fragment chromosome. I must admit 

that I was highly sceptical of these reputed 
chromosome eliminations preceding the 
formation of male organs, until I made 
my present observations. 

It is my opinion that Phaeoceros laevis 
is a species in a phase of intense evolution. 

LIST OF SPECIMENS CITED — The speci- 
mens cited form only a fraction of those 
actually examined. 

Assam 2. Dibrugarh, Assam, India. 
comm. (3. vi. 1953) P. Kachroo. 

Australia 1. Epping, near Sydney, New South 
Wales. 20. vi. 1950. Leg. O. D. Evans; 
comm. N. Beadle. 

Brazil. “Dans la source d’eau salubre.” 
Between Taquary and Aguas Claras, Rio 
Grande do Sul. 25. vi. 1895. Leg. A. F. M. 
Glaziou, nr. 22652; Hba. PC, C. 

Britain 1. Steep shady clay slope above bank 
of river Ogwen, near Llandegai, Caernarvon- 
shire, Wales. vii-viii. 1944. 

Britain 2. On wet clay in a disused quarry. 


ester 


Felin-hén, Caernarvonshire, Wales. ix-xii. 
1944. 

Britain 4. From a roadside ditch. Near 
Aberystwyth, Cardiganshire, Wales. i. 1945. 


Leg. et comm. Biological Supply Agency, 
Aberystwyth. 

Britain 6. Near Looe, Cornwall, England. ix. 
1945 eeweeremet Comm. Wom. et. MoE. E: 
Sherrin. 

Britain 7. On old red sandstone cliffs over- 
looking the sea. Dawlish, Devonshire, Eng- 
land. 31. vii. 1946. 

California 3. Permanently moist situations 
under overflow of water trough and along a 
roadside ditch. Samuel Taylor Park, Marin 
County, California, U.S.A., 1949-1956. Loc. 
I. Abbott et D. Erskine. 


Cameroons 1. Between tussocks of grass near 
foot of steep bank. Mann’s Spring, Came- 
roon Mountain. Elev. ca. 2200 m. 25. iii. 
1948. Leg. et comm. E. W. Jones, nr. 340. 


Cameroons 2. Moist earth at bottom and 
sides of gully, at present without running 
water, beneath slight gaps in canopy. Sample 
plot in mountain forest. Below Liwange, 
Cameroon Mountain. Elev. 1850 m. 31. iii. 
1948. Leg. et comm. E. W. Jones, nr. 406. 


Cameroons 3. On banks of small. stream. 
Bambui, near Bamenda. Elev. 1500 m. 2. 
xii. 1951. Leg. C. A. Thorold, nr. 15; comm. 
E. W. Jones. 
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Carolina (Type and c). (Type of Anthoceros 
carolinianus Michaux.) “ Carolina inferior ’’, 
U.S.A. Leg. A. Michaux; Hb. Richard in 
Hb. Camus in Hb. PC. 


Chile 15. Questionable specimen. Sex distri- 
bution unknown. Concepcion; Hb. SGO. 


Chile 16. Hot-spring bog. Thermas de Puye- 
hue, Prov. Valdivia. 10. viii. 1940. Leg. 
G. H. Schwabe, nr. 97; comm. T. Herzog. 


Coimbra 7. Near a waterfall approximately 
halfway up the slope. Serra da Lousä, near 
Coimbra, Portugal. 22. iv. 1954. Leg. et 
comm. A. Fernandes, J. B. Neves et A. 
Santos. 


Coimbra 9. In a ditch at a vineyard on the 
edge of the forest. Alcarraques, near Coim- 
bra, Portugal. 23.iv. 1954. Leg. et comm. 
A. Fernandes, J. B. Neves et A. Santos. 


Coimbra 18. Near the river, next to Porto da 
Zorro, Cabrises, Coimbra, Portugal. 23. iv. 
1954. Leg. et comm. A. Fernandes, J. B. 
Neves et A. Santos. 


Congo. On the ground under tall grass in 
Guinea savanna. 20 Km east of Dungu, 
Haut Uele, Belgian Congo. Elev. ca. 780 m. 
31. vii. 1956. Leg. et comm. P. W. Richards. 


Fiji. (In some sporophytes spores replaced by 
those of an unidentified fungus as in ‘ Hawaii 
2’’.) On rocks in moist places. Dense 
forest along stream. Immediate vicinity of 
Nandarivatu, Mba, Viti Levu. Elev. 800-900 
m. 26. vi. — 2. x. 1947. Leg. A. C. Smith, 
nr. 5032; comm. M. Fulford; Hb. US. 


Georgia ( Am,). Greensboro, Georgia, U.S.A. 
Leg. et comm. ( 23. ii. 1954) H. C. Bold. 


Harz. In a field near Blankenburg, Braunsch- 
weig, Germany. Autumn. Leg. E. Hampe, 
nr. 44; Hb. UC 459278. 


Haute Vienne. Stream bank, Ambazac, Haute 
Vienne, France. 26. ix. 1869. Leg. E. Lamy 
(numbered 11 and 4131 ); Hb. UC 428295. 

Hawaiil. Moist shady soil, artificially watered, 
north side of building. Grounds, University 
of Hawaii, Manoa Valley, Honolulu, Oahu. 
10. xii. 1952. Leg. et comm. H. A. Miller, nr. 
2765. 

Hawaii 2. (In some sporophytes spores re- 
placed by those of an unidentified fungus, as 
in “ Fiji’’.) 9-5 Km below Kulani Prison, 
Mauna Loa, Hawaii Island. Elev. ca. 1450 
m. 25. vi. 1953. Leg. et comm. H. A. Miller, 
nr. 5263. 

Hawaii3. Mount Tantalus, Koolau Mountains, 
Oahu. Elev. ca. 570 m. 24. iv. 1953. Leg. 
et comm. H. A. Miller, nr. 2494. 

Hawaii 4. Olinda ditch trail, Olinda district, 
Maui. Elev. ca. 1500 m. 12. vi. 1953. Leg. 
et comm. H. A. Miller, nr. 4376. 

India 5. Class material, most probably col- 
lected at Mussoorie in Sept.-Oct. Comm. 
A. K. Mitra 

Island. Lower side of hot-spring basin. Tem- 
perature 25°-27°C. just below soil surface. 
South-west (side of) Sydri Reykjahver, 
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Iceland. 10. iv. 1912. Leg. A. Hesselbo; 
rib. GC. 

Japan. (As Anthoceros communis Stephani.) 


Akita, Honshu. 14. xi. 1894. 
nr. 1894; Hba. PC, G. 

Java 4. Tjibodas. Elev. 1400 m. 
Leg. et comm. W. Meijer. 


Kansas. On moist shady sandstone rock. 8 Km 
west of Baldwin City, Douglas County, 
Kansas, W.S°A.) 2 vr 1951. Legs Rak, 
McGregor, nr. 5003; distrib. Brit. Bryol. Soc. 

Madrid. (Type of Anthoceros beltrani Casares- 
Gil.) Torrelaguna, near Sierra de Guadarrama, 
Madrid, Spain. viii. 1912. Leg. F. Beltran; 
Hb. MA. 

New Zealand 3. Bush track, near Fox Glacier, 
west coast of South Island. 23. ii. 1950. 
Leg. et comm. M. A. Pocock. 


North Italy 1. In dripping water, near San 
Martino, Intra Valley, Lago Maggiore, Prov. 
Novara, Piemonte. viii. 1863. Leg. F. Bag- 
lietto; distr. De Notaris et Baglietto, Erb. 
crittog. ital. nr. 114 (1114); Hb. UC 457999. 


North Italy 2. (Isotype of Anthoceros incras- 
satus Schiffner.) Wet grassy spots along the 
way to Costa, Valfresca above Ponte Moli- 
nello, Prov. Como, Lombardia. Elev. ca. 
300 m. 30. x. 1901. Leg. F. A. Artaria; 
distr. Schiffner, Hep. eur. exsicc. nr. 1087; 
Hba. BM, UC. 

Nyassa 2. Moist floor and vertical sides of 
open stream channel, well lit. Dedza, Nyasa- 
land. Elev. ca. 1500 m. 7. ix. 1955. Leg. 
et comm. E. W. Jones, nr. 724. 


Peru 2. On rich black humus soil in recently 
cut very shady ditch in forest floor. At 
junction of Rios Monzön and Huallaga, Tingo 
Maria, Dept. Huänuco. Elev. 640 m. 2. ix. 
1949. 

Peru 6-8. Mainly on steep very wet cliffs. 
Boquerön del Padre Abad, Rios Previsto and 
Yuracyacu, Cordillera Azul, Dept. Loreto. 
From ca. 500 to ca. 1850 m elev. 6-7. ix. 
1949. 


Leg. Faurie, 


22evi. 1953. 


Pompeii. Among old houses, Pompei, Italy. 
? iv. 1951. Leg. et comm. M. Ernst-Schwar- 
zenbach. 


Potsdam. Fallow fields, Wittenberge, Bezirk 
Potsdam, Brandenburg, Germany. ix. 1902. 
Leg. J. Warnstorf; distr. Schiffner, Hep. eur. 
exsicc. nr. 1084; Hba, BM, UC. 


Romania. ( Isolectotype of Anthoceros molda- 
vicus Tarn.) At the foot of Mt. Arsita, 
Neagra Valley, near Brosteni, Piatra-Neamt. 
Elev. ca. 625 m. 23. yil. 1935) seg. 1. 7; 
Tarnavschi; distrib. Verdoorn, Hep. select. et 
crit. vil: 349, Hb. UC 520625; and Schiffner, 
Hep. eur. exsicc. nr. 1094, Hba. BM, UC. 


South Africa 2. Among tall grasses and ericoid 
shrubs. On south-facing shaded slope on 
shallow soil over rock outcrop. Permanently 
moist due to adjacent spring. Nature reserve, 
Grahamstown, Cape Province. 18. ix. 1951. 
Leg. A. R. Martin; comm. M. A. Pocock. 
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South Africa 4. Chapman’s Peak, Cape Penin- 
sula, Cape Province. 20. x. 1951. Leg. et 
comm. S. Arnell. 

South Carolina. Shady path by Lotus Pool, 
Kalmia Gardens, Hartsville, S. Carol., U.S.A. 
xi. 1950. Leg. et comm. C. R. Bell. 

Skane. Nöbbelöv, Ostra Broby, Skäne, 
Sweden. 6. ix. 1934. Leg. O. J. Hasslow; 
Hb. UC 536556. 

Tanganyika 1. Moist edge of path in deep 
shade in valley. Bushbuck Valley, Lushoto, 
W. Usambara mts. Elev. ca. 1425 m. 16. 


viii. 1955. Leg. et comm. E. W. Jones, nr. 
663. 
Westfalen. Meschede, south-west of Rüthen, 


Sauerland, Westfalen, Germany. x. 1951. 


Comm. H. Kaja. 

Wisconsin 2. Base of sandstone cut, east side 
of County Highway K, Seven Mile Creek 
Township, Juneau County, Wisconsin, U.S.A. 


4. viii. 1951. Leg. et comm. H. M. Clarke et 
D. Smith. 
Yunnan. Pe-yen-tsin, Yunnan, China. Winter 


1920-21. Leg. S. Ten, nr. 8; comm. T. Herzog. 


10. On a Polyploid Anthoceros and 
the Karyotypes of Liverworts 


At the request of a student of the 
mitotic mechanism who desired material 
with a low chromosome number, I picked 
at random a culture producing abundant 
antheridia. When fresh smears were made 
and examined by phase-contrast micro- 
scopy, I saw to my amazement that eight, 
instead of the predicted four, large chro- 
mosomes were present at metaphase. 
Such is the history of the discovery of 
the only known case to date of natural 
polyploidy in a member of the Anthocero- 
tales. 

The specimens themselves had been 
grown from spores of the collection 
“Coimbra 6” (from between Ribas and 
Segade, on road from Coimbra to Lousä, 
nr. Km 15-2. Portugal. 22. iv. 1954. 
Leg. et comm. A. Fernandes, J. B. Neves 
et A. Santos). The culture has since been 
deposited with the UNESCO supported 
culture collection at Prague. All samples 
taken from the culture, whether from 
antheridia ( Figs. 6, 7) or growing points 
( Figs. 4, 5), had the same gametophytic 
chromosome complement of 8 + 1, the 
ninth chromosome being a minute hetero- 
chromaticone. Similar counts were obtain- 
ed from a second isolate from the same area, 
kindly supplied by the same collectors 
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( Coimbra 11 ”. Sides of ditches in culti- Culture: Just below the tip of Pico Alto. 
vated land. Alcarraques. 23. iv. 1954). Santa Maria. Elev. ca. 550 m. 3. vi. 1955. 

So far no morphological characters have Leg. et comm. R. Pichi-Sermolli ), North 
been observed by which these two collec- Wales (Fig. 8, cf. Proskauer, 1948a), 
tions can be separated from Anthoceros and there is also a count by Lorbeer, 
punctatus var. punctatus (cf. Proskauer, listed as ‘5’, for material probably col- 
1957). The field samples are, for the lected in Baden, Germany ( Müller, 1951, 
taxon, of small to medium size. They p. 303). The count 4+1 has been re- 
show normal vigour and no structural peatedly established for var. cavernosus 
abnormalities. (syn. A. punctatus auct. Cf. Fig. 10, 

The previously recorded chromosome material from Eridge Green, Sussex, 
complement in Anthoceros punctatus is England). A comparison of the figures 
n=4+1. For var. punctatus (syn. A. demonstrates that the “ diploid ” thalli 
husnoti Steph.) this has been established have four pairs of large chromosomes, 
for material from the Azores (Fig. 9. corresponding in their morphology to the 
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Fics. 4-23 — Chromosomes from acetocarmine squash preparations. Figs. 4-10. Anthoceros 
punctatus. Figs. 4-9. var. punctatus. Figs. 4-7. The polyploid ss Coimbra 6 ee iow 8 Britain 
2° (North Wales), diploid set from sporophyte. Fig. 9. “ Azores”. Fig. 10. var. cavernosus. 
“Sussex”. Fig. 11. Anthoceros sp. ‘‘ Okinawa 2 ”, male, and Fig. 12, female. Fig. 13. Megaceros 
sp. “ Chile 11”. Fig. 14. Phaeoceros bulbiculosus. Isoneotype ‘ Coimbra 21 > male, and Fig. 15, 
female. Fig. 16. Anthoceros mandoni. ‘‘ Azores ’”. Fig. 17. Anthoceros SP. Okinawa igs, 
18, 19. Megaceros sp. ‘‘ Peru 3”. Figs. 20, 21. Dendroceros crispus. Hawaii ””, Doty 13220. 
Fig. 22. Monoclea gottschei. ‘‘ Peru 3 ’’, male. Fig. 23. Riella affinis. ‘“‘ Canary Islands’ . Figs. 4, 
20. Late prophase; the rest metaphase. Figs. 6, 7, 10, 11, 14, 17, 23. From antheridia; Fig. 8. 
From sporophyte meristem; the rest from gametophyte growing points. 
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four large chromosomes in the “ haploid ”’ 
thalli, but that the small heterochromatic 
chromosome is not doubled. Whilst it 
can reasonably be assumed that the poly- 
ploid strain is derived, no definite state- 
ment can be made as to the variety from 
which it sprang: var. punctatus or var. 
cavernosus. It may be of interest to note 
that I initially suspected ( Proskauer, 
1948a, p. 261) material of A. punctatus 
var. punctatus to be a polyploid derivative 
of A. punctatus var. cavernosus, which con- 
tention proved untrue. 

The real interest of the case lies in its 
wider implications, bearing on the follow- 
ing points. 

Firstly, there is a long history of at- 
tempts to obtain diploid gametophytes of 
Anthocerotales ( Lang, 1901; Bornhagen, 
1926; Ernst-Schwarzenbach, 1926; Rink, 
1935; Bauer, 1955). All these authors, 
Rink excepted, appear to have used 
Phaeoceros laevis subsp. carolinianus. The 
available data suggest that the diploid 
thalli obtained from this taxon are stunted, 
abnormal, and of slow growth. Ernst- 
Schwarzenbach also obtained a single 
diploid regenerate of Anthoceros punctatus 
var. punctatus ( A. husnoti ), about which 
she provided no further information, and 
some diploid thalli of Phaeoceros laevis 
subsp. laevis (identification based on 
personal discussion with author). The 
lotter were comparable in size to the hap- 
loid thalli. Rink worked with various 
diploid derivatives from two tropical 
species of Anthoceros; these derivatives in 
general had a stunted abnormal habit and 
slow growth. 

Secondly, among the polyploid series 
in the Jungermanniales there is a case 
where the larger chromosomes are doubled 
but the small one is not, namely, the count 
by Heitz (1928, p. 798) for Riccardia 
sinuata: n = 18+1, which belongs to a 
group with the basic number of 9-+1. 
(It should be mentioned that Lorbeer, 
1934, p. 706 passim, recorded n = 30 for 
what probably represented a different 
strain of the same taxon.) The un- 
explained total count of n = 17 for Metz- 
geria conjugata ( Lorbeer, in Müller, 1954, 
p. 487), in a genus in which the basic 
total is 8 and 9, may perhaps be in the 
same category. 
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Thirdly, a major difference between the 
Anthocerotidae® and Hepaticidae lies in the 
chromosome sets. In the Anthocerotales, 
except for the case under discussion, the 
chromosome number is small. The follow- 
ing representative breakdown is largely 
based on unpublished counts that I have 
accumulated, further examples from the 
literature could be added in the various 
categories. N —4+1, monoecious: An- 
thoceros punctatus. N — 441, dioecious: 
Anthoceros sp. (‘“ Okinawa 2”, Figs. 11, 
12), Megaceros sp. (‘‘ Chile 11”, may be 
monoecious although only female organs 
found; Fig. 13), Phaeoceros bulbiculosus 
( Isoneotype, cf. Proskauer, 1957; Figs. 
14, 15 ), P. laevis subsp. laevis, P. pearsoni. 
N =5, monoecious: Anthoceros mandoni 
(“ Azores”, Fig. 16), Anthoceros Sp. 
(‘Okinawa 1”, Fig. 17). N=5-+a 
variable number of small accessory chromo- 
somes, monoecious: Dendroceros crispus 
(‘‘ Hawaii”, Figs. 20, 21), Megaceros 
sp. (“ Peru 3”, Figs. 18, 19), Notothylas 
orbicularis (““ Illinois’’, count not certain ), 
Phaeoceros laevis subsp. carolinianus. 

The Hepaticidae, as far as a knowledge 
of the chromosome numbers is concerned, 
are among the best known major plant 
groups. The reader may refer to Lor- 
beer’s counts listed among the diagnoses 
in Müller (1951-57). Surveying the 
literature as a whole, one finds that the 
vast majority of both dioecious and 
monoecious species analysed have a basic 
chromosome set of 8+1 ( cf. Figs. 22, 23). 
The exceptions, including polyploid deri- 
vatives, are few. Only those in which the 
haploid set is less than 8+1 are listed 
here. N = 8 (mostly 7+1): many species 
of Riccia, Sphaerocarpos ( but Riella, and 


3. The tripartition of bryophytes into three 
Classes ( hornworts, liverworts and mosses ) is 
generally credited to have been effected by M. A. 
Howe, but it dates back to de Bary. At the 
Class level the correct name here is Anthocero- 
topsida de Bary ex Janczewski corr. nov. ( Class 
Anthoceroteae de Bary ex Janczewski, 1872, 
pp. 378, 413 ), rather than Anthoceropsida corr. 
Rothmaler (1951, p. 261). The stem of the 
misbegotten name Anthoceros, I have been assur- 
ed, is Anthocerot- rather than Anthocer-. I 
personally prefer to treat the three groups as 
Subclasses ( Anthocerotidae, Hepaticidae, Bryi- 
dae ) in the Class Bryopsida, in turn a component 
of the Division Chlorophyta, which would include 
both the green algae and the green land plants. 
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Geothallus, unpublished, have 841), Pal- 
lavicinia, some species of M etzgeria, 
Porella, Radula. Some species of Frulla- 
nia have 7-+-1 in the male, 7-+2 in the 
female plants. In the bulk of the leafy 
liverworts studied, the karyotype has been 
interpreted (cf. Tatuno, 1941) as 7+2, 
but morphologically 8 large and one small 
chromosome are present. 

Fourthly, even if one takes into account 
probable (?secondary ) internal chromo- 
some differentiation, as indicated by de- 
tailed analyses (e.g. Tatuno, 1941), 
there is a noticeable tendency for 8 chro- 
mosomes of the 8+1 karyotype of the 
Hepaticidae to form four pairs on the 
basis of gross morphology. Examination 
of cytological preparations of such 8+1 
karyotypes frequently suggests the occur- 
rence of somatic pairing, a phenomenon 
which indeed was already commented on 
in the classical paper by Heitz ( 1927, in 
explanation of figures ). 

Concerning these points, I venture the 
following speculations: 

(a) That the n = 8+1 plants of Antho- 
ceros punctatus var. punctatus are normal 
and of proper growth because the second 
small heterochromatic chromosome of a 
diploid 8+2 set has been eliminated 
(first and second points above, and dis- 
cussion of effects of accessory chromo- 
somes, in the preceding account of 
Phaeoceros laevis ). 

(b) The n= 8+1 set of the polyploid 
Anthoceros punctatus var. punctatus being 
morphologically indistinguishable from 
the commonest karyotype of the Hepati- 
cidae, that the n = 8+1 chromosome set 
of the Hepaticidae derived from a n—4+1 
set (third and fourth points above ). 
This does not necessarily imply that the 
Hepaticidae derived from the Antho- 
cerotidae, but it strongly supports the 
postulate of a common ancestry for these 
groups. Itisalso possible that the change 
from 4+1 to 8+1 happened more than 
once, and as the 4-+1 set is known from 
both monoecious and dioecious organisms, 
forms with 8+1 karyotypes may have 
been both monoecious and dioecious ab 
initio. Wild polyploid Hepaticidae (i.e. 
those with multiples of the 8+1, or equi- 
valent, sets ) are monoecious, whilst a high 
proportion of those with basic chromosome 
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numbers are dioecious. Heitz early on 
formulated the astute generalization that 
in the Hepaticidae ‘‘ monoecious species 
are present because dioecious ones be- 
came polyploid” (1927, p. 55, transl.). 
This generalization, applicable to nume- 
rous examples but not, say, to the case of 
Dumortiera (cf. Tatuno, 1941), now may 
need further restriction. 


11. Typifications and Synonymies 


The following typifications and clari- 
fications of important taxa have been 
found necessary. 

DENDROCEROS Nees v. Esenbeck, in 
Gottsche et al., 1846, p. 579. The lecto- 
type-species is D. crispus ( Swartz ) Nees, 
vide infra. 

MEGACEROS Campbell, 1907, p. 484. 
The lectotype-species is M. tjibodensis 
Campbell, 1907, p. 484. 

ANTHOCEROS ADSCENDENS Lehmann 
et Lindenberg, in Lehmann, 1832, p. 24. 
Synonyms: A.megalosporus Gottsche, 1858, 
p. 14; A. raveneli Austin, 1875, p. 28. 
The inscription ‘‘ Nova Hollandia. Sieber.” 
on the type packets of A. adscendens ( Hb. 
Lehmann, in Hb. S-PA, and Hb. Linden- 
berg, nr. 8737, in Hb. W) is clearly the 
result of some ancient confusion, a con- 
clusion supported by complex evidence 
from other herbaria. The material itself, 
which the original diagnosis fits, belongs 
to the unmistakable species currently 
listed as A. vavenelit. No such plants are 


‘otherwise known from Australia, and I 


believe the material to have derived from 
south-eastern North America. The syno- 
nym A. megalosporus (type leg. L. A. G. 
Bosc, ‘‘ Carolina’, in Hb. Lehmann in 
Hb. S-PA ) has been overlooked. I con- 
cur in the treatment of A. ravenel by 
Howe (1898), and have seen the type in 
the now reunited Hb. Austin (in Hb. 
MANCH, nr. K 20696 ). 

DENDROCEROS CRISPATUS ( W. J. Hoo- 
ker ) Nees, in Gottsche et al., 1846, p. 579. 
Basionym: Monoclea crispata W. J. 
Hooker, 1829, p. 117, tab. xxvii. The 
lectotype is the material so designated by 
me in Hb. K. In addition to the regular 
perforations at the angles of the cells, it 
has irregular large perforations (as illus- 
trated in figs. 4, 6 and 7 of Hooker’s 
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plate) in the lamina. The ordinary epi- 
dermal cells of the capsule have a nodulose 
thickening. Excluded is the component, 
believed to be close to D. crispus ( Swartz ) 
Nees, and which includes the great 
majority of the specimens of the type col- 
lection. 

Dendroceros crispatus has in fact the 
characters wrongly attributed by several 
authors to D. brasiliensis ( Raddi) Nees. 
The latter name ( type seen ! ) is, however, 
a synonym of D. crispus ( Swartz ) Nees. 

DENDROCEROS CRISPUS ( Swartz) Nees, 
in Gottsche et al., 1846, p. 581. Basionym: 
Anthoceros crispus Swartz, 1788, p. 146. 
The lectotype is the material so designated 
by me in Hb. S-PA. Excluded is the 
component with diffuse midribs and im- 
perforate laminae, believed to belong to 
D. canaliculatus Pagan. 

MEGACEROS VINCENTIANUS (Lehm.et Lin- 
denb.) Campbell, 1907, p. 474. Basionym: 
Anthoceros vincentianus Lehmann et Lin- 
denberg, in Lehmann, 1834, p. 16. The 
lectotype is the component so designated 
by me in Hb. Lehmann in Hb. S-PA, 
and Hb. Lindenberg, nr. 8755, in Hb. 
W. It grew on rotten wood and bears 
injuries (the “ venis” and ‘“nervum ” 
of the diagnosis ) believed to have been 
caused by leaf-mining diptera. Excluded 
is the more delicate component which 
grew “ on rocks &c ” 


Summary 


Samples of Phaeoceros laevis originating 
in different parts of the world were studied 
from field collections and cultures. An 
analysis of their variability is provided. 
The plants studied are considered to belong 
to one species, albeit a species in a phase 
of intense evolution. The dioecious 
subsp. laevis is ( except for two question- 
able samples) restricted to Europe. 
Subsp. carolinianus has essentially a world- 
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wide distribution, but the habitats fre- 
quented are none the less microclimatically 
temperate. It is believed that wide 
distance dispersal of airborne spores, 
which remain viable for a long time, 
accounted for the initial distribution, and 
also provides a mechanism for genetic 
interchange between geographically dis- 
junct populations. There is a difference 
between the karyotypes of the two sub- 
species. A mechanism for sex change 
based on hybridization with other species 
is postulated. 

Subsp. carolinianus has a variable 
number of accessory heterochromatic 
chromosomes in its vegetative cells. Their 
number remains constant within a clone. 
The accessory chromosomes are lacking in 
the antheridial tissues. They are believed 
to be eliminated during the initiation of 
antheridia but transmitted through the 
eggs. 

A wild polyploid strain of Anthoceros 
punctatus has been found. It is suggested 
that the polyploid Anthocerotidae ob- 
tained experimentally by others have 


been, unlike the wild polyploid, generally 


of abnormal and poor growth because 
there had been no partial elimination of 
heterochromatic material in them. A 
survey, largely based on new data, is given 
of the karyotypes of Anthocerotidae. The 
wild polyploid has a karyotype of n = 8+1, 
which is morphologically identical with the 
commonest karyotype of Hepaticidae. 
The origin of the latter group is discussed 
relative to this point. 

Lectotypes are designated for the genera 
Dendroceros and Megaceros, and the species 
Dendroceros crispatus, D. crispus, and 
Megaceros vincentianus. The name An- 
thoceros adscendens should be struck from 
the flora of Australia; the type material is 
believed to be American. A. megalo- 
sporus and A. ravenelii are reduced to 
synonyms of A. adscendens. 


Literature Cited 


Austin, C. F. 1875. Notes on the Anthocero- 
taceae of North America, with descriptions of 
several new species. Bull. Torrey bot. Cl. 6: 
25-29, 


BAUER, L.1955. Über die Bildung von Tochter- 
thalli aus den Rhizoiden einer diploiden Sippe 
von Anthoceros laevis. Ber. dtsch. bot. Ges. 
68 : 381-384. 


1957] 


BHARDWAJ, D. C. 1948. Studies in Indian 
Hepaticae. V. On a new species of Aspivo- 
mitus St. from Kandy, Ceylon. Aspiromitus 
mamillispora Bhardwaj Sp. nov. J. Indian 
bot. Soc. 27 : 200-205. 

BrAckwoop, M. 1956. The inheritance of B 
chromosomes in Zea mays. Heredity 10: 
353-366. 

BoRNHAGEN, H. 1926. Die Regeneration 
( Aposporie ) des Sporophyten von Antho- 
cevos laevis. Biol. Zbl. 46: 578-586. 

BOSEMARK, N.O.1950. Accessory chromosomes 
in Festuca pratensis Huds. Hereditas 36: 
366-368. 

CAMPBELL, D. H. 1907. Studies on some Java- 
nese Anthocerotaceae. I. Ann. Bot. 21: 
471-486. 

[ERNST-]SCHWARZENBACH, M. 1926.’ Regenera- 
tion und Aposporie bei Anthoceros. Arch. 
Julius Klaus-Stift. Zürich 2: 91-141. 

GOTTSCHE, C. M. 1858. Übersicht und kritische 
Würdigung der seit dem Erscheinen der 
Synopsis hepaticarum bekannt gewordenen 
Leistungen in der Hepaticologie. Bot. Ztg. 
16: Beilage: 1-49. 

—; LINDENBERG, J. B. G. & NEES v. ESENBECK, 
C. G. 1844-47. Synopsis hepaticarum. 834 p. 
Hamburg. 

Haupt, G. 1933. Beitrage zur Zytologie der 
Gattung Marchantia L. II. Ztschr. indukt. 
Abstamm.-u. VererbLehre. 63: 390-419. 

Heitz, E. 1927. Uber multiple und aberrante 


Chromosomenzahlen. Abh. naturw. Ver. 
Hamburg 21 : 47-57. 
— 1928. Das Heterochromatin der Moose. 


Jb. wiss. Bot. 69 : 762-818. 

HESSELBO, A. 1918. The Bryophyta of Iceland. 
In Rosenvinge, K. L. & Warming, E. The 
Botany of Iceland 1 : 395-678. 

Hooker, W. J. 1829-30. Botanical miscellany. 
1. 356p., London. 

Howe, M. A. 1898. 
North America. 
1-24. 

JANCZEWSKI, E. v. 1872. Vergleichende Unter- 
suchungen iiber die Entwicklungsgeschichte 
des Archegoniums. Bot. Ztg. 30: 377-394, 
401-420, 440-443. 

Lane, W. H. 1901. On apospory in Anthoceros 
laevis. Ann. Bot. 15: 503-510. 

LEHMANN, J. G. C. 1832. Novarum et minus 
cognitarum stirpium pugillus quartus. 64p., 
Hamburg. 

— 1834. Novarum et minus cognitarum stir- 
pium pugillus sextus. 66 p., Hamburg. 

LonGLey, A. E. 1956. The origin of diminutive 
B-type chromosomes in maize. American 
J. Bot. 43 : 17-22. 

LorBEER, G. 1934. Die Zytologie der Leber- 
moose mit besonderer Berücksichtigung 
allgemeiner Chromosomenfragen. Jb. wiss. 
Bot. 80: 567-818. 

— 1941. Struktur und Inhalt der Geschlechts- 
chromosomen. Ber. dtsch. bot. Ges. 59 : 369- 
418. 


The Anthocerotaceae of 
Bull. Torrey bot. Cl. 25: 


PROSKAUER — STUDIES ON ANTHOCEROTALES V 135 


Lunn, J. W. G. 1956. On certain planktonic 
palmelloid green algae. J. Linn. Soc., Bot. 
55 : 593-613. 

Meijer, W. 1954. Notes on some Malaysian 
species of Anthoceros L. (Hepaticae). I. 
Reinwardtia 2: 411-423. 

MÜLLER, K.1951-[57]. Die Lebermoose Europas. 
Rabenhorst’s Krypt.-Flora, 3ed. 6. xii & 
1220 + p. (last fasc. in press). Leipzig. 

OEDER, G. C. 1768. Icones plantarum... 
Florae Danicae nomine inscriptum. 3: fasc. 7. 
10 p., Köbenhavn. 

PROSKAUER, J. 1948a. 
logy of Anthoceros I. 
237-265. 

— 1948b. Studies on the morphology of An- 
thoceros II. Ann. Bot. ser. 2. 12: 427-439. 

— 1951. Studies on Anthocerotales III. Bull. 
Torrey bot. Cl. 78: 331-349. 

— 1953. Studies on Anthocerotales IV. Bull. 
Torrey bot. Cl. 80: 65-75. 

— 1954a. A study of the Phaeoceros laevis com- 
plex. Rapp. comm. VIII. Congr. Int. Bot. 
Paris 14-16: 68. 

— 1954b. The European Anthocerotaceae. 
Rapp. comm. VIII. Congr. Int. Bot. Paris 
14-16: 68-69. 

— 1957. Nachtrag zur Familie Anthocerota- 
ceae. In Müller, K. 1951-57, pp. 1302-1319 
( in press ). 

REICHARDT, H. W. 1870. Fungi, hepaticae et 
musci frondosi. In Fenzl, E. Reise der 
österreichischen Fregatte Novara um die 
Erde) bots. 27131-190. 

Rink, W. 1935. Zur Entwicklungsgeschichte, 
Physiologie und Genetik der Lebermoosgat- 
tungen Anthoceros und Aspiromitus. Flora 
130 : 87-130. 

ROTHMALER, W. 1951. 
Klassen der Pflanzen. 
256-266. fr 

SCHIFFNER, V. 1893. Uber exotische Hepaticae 

... Nova acta Leop. Carol. 60: 217-316. 

— 1898. Conspectus Hepaticarum Archipelagi 
Indici. 382p., Batavia. 

— 1916. Uber Lophozia hatcheri und L. bauer- 
iana. Ost. bot. Ztschr. 66: 83-88. 

SCHUSTER KR. M. 1953. Boreal Hepaticae. 
American Midl. Nat. 49: 257-684. 

Swartz, O. 1788. Nova genera & species plan- 
tarum... 158p., Stockholm. 

Tatuno, S. 1934. Uber die Chromosomenzahl 
bei drei Anthocerotaceen, mit besonderer 
Rücksicht auf ihre Heterochromosomen. 
Bot. Mag. Tokyo 48 : 54-60. 

— 1941. Zytologische Untersuchungen über 
die Lebermoose von Japan. J. Sci. Hiro- 
sima Univ. ser. B, div. 2, 4: 73-187. 

VAARAMA, A. 1953. Chromosome fragmentation 
and accessory chromosomes in Orthotrichum 
tenellum. Hereditas 39: 305-316. 

— 1954. Structure and behaviour of meiotic 


Studies on the morpho- 
Ann. Bot. ser. 2, 12: 


Die Abteilungen und 
Feddes Repert. 54: 


bivalents in Hedwigia ciliata. Arch. soc. 
zool. bot. fennicae “‘Vanamo” 8: 195- 
206. 


NEED FOR A BROADENED OUTLOOK IN CELL 
WALL TERMINOLOGIES 


TV 


BAILEY 


Harvard University, Cambridge, Mass., U.S.A. 


In initiating our investigations of plant 
cell walls more than 20 years ago, Dr Kerr 
and I encountered great confusion in the 
existing literature due to the use of the 
same term in dealing with entirely different 
structures, and conversely different terms 
in designating the same structure. In 
order to clarify the confusion, we suggested 
a terminology that might be applied uni- 
formly and consistently in the study of all 
types of cells in the vascular land plants, 
( Kerr & Bailey, 1934). 

Meristematic cells and such of their 
derivatives as retain a capacity for growth 
and extensive enlargement have walls 
that are capable of increasing in surface 
area, whereas tracheary cells and scleren- 
chyma which have lost the capacity for 
growth and enlargement form a suppli- 
mentary wall that is incapable under 
normal conditions in living plants of 
increasing in surface area, and of under- 
going extensive reversible changes in 
thickness. Walls of the first category are 
penetrated by more or less numerous 
plasmodesmata whereas those of the 
second category are not. We suggested 
that the term primary ( viz. primordial ) 
be applied uniformly in dealing with walls 
of the former category and that those of 
the second category be called secondary. 
Both types of walls vary in their chemical 
composition, both exhibit at times more or 
less conspicuous layering and finer lamella- 
tions due, not only to differences in che- 
mical composition, but also to differences 
in the aggregation and the orientation of 
their microfibrils. 

Questions have arisen from time to time 
concerning the applicability of our termi- 
nology in dealing with other types of cells, 
viz. collenchyma, endosperm, sieve tubes, 
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etc. The fusiform initials of the cambium 
are essentially collenchymatous, their 
radial primary walls being excessively 
thickened in contrast to their tenuous 
tangential ones. Collenchyma commonly 
retains a capacity for ‘‘ dedifferentiation ” 
and its walls are penetrated by plasmodes- 
mata. The walls have been correctly 
classified as primary by Esau (1953). It 
has been demonstrated experimentally in 
tissue cultures (Straus & La Rue, 1954), 
that endosperm likewise is capable of 
dedifferentiation and growth. Its greatly 
thickened walls have provided many 
classical illustrations of plasmodesmata. 
Thus, its walls likewise may logically be 
classified as primary, regardless of whether 
they are composed largely of mannan or 
glucosan. Sieve cells and sieve tubes, 
which retain their cytoplasm but lose their 
nuclei at functional maturity, present a 
special problem. However, although they 
appear to be incapable of cell division and 
growth, they have primary walls which 
are penetrated by more or less modi- 
fied plasmodesmata. In certain cases, a 
secondary wall is formed in addition, 
(Abbe & Crafts, 1939). A highly aberrant 
and specialized condition occurs in certain 
fibres which retain their living contents 
after the formation of a lignified secondary 
wall. The protoplasts, although unable 
to escape from their encysting secondary 
wall, may at times divide and form a chain 
of sclereids. Such cells pass through two 
successive stages of primary and secondary 
wall formation, and actually constitute 
cells within cells. 

Other cells which have primary walls 
only may ultimately be shown to be 
incapable of dedifferentiation and growth, 
but this can be demonstrated only by 
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adequate experimental procedures. How- 
ever, there do not appear at present to be 
insuperable difficulties in determining 
whether their walls are primary only or a 
combination of primary and secondary. 
Therefore, it appears likely that our pro- 
posed distinction between primary and 
secondary walls is a fundamentally signi- 
ficant one from both morphological and 
physiological points of view, and one that 
is generally applicable in the study of 
most, if not all, of the cells of the vascular 
land plants. 

Unfortunately, there is a tendency at 
present among investigators who are con- 
cerned largely with conspicuously 3-layer- 
ed secondary walls to revive the old term 
“ tertiary wall ’’ for the innermost layer of 
such walls, e.g. Liese & Johann (1954), 
Meier ( 1955 ), and even in certain cases to 
restrict the term secondary wall to the 
central layer of the 3-ply structure (Meier 
1755). 

A change in terminology to primary 
wall, transitional layer, secondary wall, 
tertiary wall might not be objectionable 
if it could be used consistently and accu- 
rately in dealing with all types of plant 
cells, viz. if all secondary walls had a 
3-layered structure. Obviously, this is 
not the case, and the use of such a termino- 
logy will inevitably lead to increasing con- 
fusion in the future when numerous types 
of secondary walls which do not have a 
3-layered structure are taken into con- 
sideration. Even the designation of the 
inner layer of the secondary wall as a 
“tertiary lamella’’, ( Bucher, 1953), is 
likely to prove to be confusing in the long 
run. Ifthe wall of meristematic cells is to 
be referred to as primary, it is wiser to 
avoid the terms primary, secondary and 
tertiary in referring to layers or lamella- 
tions of the secondary wall. 
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The successively formed parts of second- 
ary walls vary in the aggregation and 
orientation of microfibrils and in the pro- 
portions of non-cellulosic substances that 
are incorporated within them; giving rise, 
not only to 3-layered structures, but also 
to a wide range of multiple-layered forms. 
Not infrequently, secondary walls consist 
of alternating layers of cellulosic and non- 
cellulosic composition ( Bailey & Kerr, 
1935). Therefore, it is desirable, from a 
broad point of view of the diverse cell types 
of the vascular land plants as a whole, to 
have a single term which may be applied 
consistently in designating all of the layers 
that are formed in certain types of cells 
internal to the primary wall. This is 
accomplished by general use of the term 
secondary wall. The layers and lamella- 
tions of both primary and secondary walls, 
regardless of possible physical and chemi- 
cal differences, are best referred to as such 
rather than as independent walls. 

It should be noted in conclusion that 
tracheids, fibre-tracheids and libriform 
fibres, having more or less conspicuously 
3-layered walls, are of such common occur- 
rence in woods which have exceedingly im- 
portant industrial utilizations that they 
are justly being studied intensively from 
physical and chemical points of view. It 
should be recognized, however, that the 
results of such investigations, important 
and significant as they undoubtedly are, 
are based upon the study of one type of 
secondary wall only. It will be extremely 
unfortunate and increasingly confusing if 
each group of specialists working with 
different plant materials develops a differ- 
ent terminology for the varying layers and 
lamellations of primary and secondary 
walls. Obviously, what is needed is a 
consistent terminology that is applicable 
to the varying wall structures of all plants. 


Literature Cited 


ABBE, L. B. & Crarts, A. S. 1939. Phloem of 
white pine and other coniferous species. 
Bot. Gaz. 100: 695-722. 

BaıLey, I. W. & Kerr, T. 1935. The visible 
structure of the secondary wall and its 


significance in physical and chemical investi- 
gations of tracheary cells and fibres. J. 
Arnold Arbor. 16: 273-300. 

Bucuer, H. 1953. Die Tertiärlamelle von 
Holzfasern und ihre Erscheinungsformen bei 


138 PHY TOMORPHOLOGY [ October 
Conifern. Cellulosefabrik. Attisholz bei Solo- dere Feinstruktur der verholzten Zellwand 
thurn. bei einigen Coniferen. Planta 44: 269- 

Esau, K. 1953. Plant Anatomy. New York 285. 
and London. Merer, H. 1955. Uber den Zellwandabbau 


Kerr, T. & BaiLev, I. W. 1934. The cambium 
and its derivative tissues. X. Structure, 
optical properties and chemical composition 
of the so-called middle lamella. J. Arnold 
Arbor. 15: 327-349. : 

L1EsE, W. & JoHANN, J. 1954. Elecktronenmi- 
kroskopische Beobachtungen über eine beson- 


durch Holzvermorschungspilse und die sub- 
mikroskopische Struktur von Fichtentrachei- 
den und Birkenholzfasern. Holz a. Roh-u. 
Werkst. 13: 323-338. 

STRAUS, I. (&) LA RUE, CD: 
endosperm tissue grown in vitro. 
J. Bot. 41: 687-694. 


1954. Maize 
American 


EFFECT OF KINETIN AND GIBBERELLIC ACID 
ON EXCISED ANTHERS OF ALLIUM CEPA 


I. K. VASIL 
Department of Botany, University of Delhi, Delhi 8, India 


Botanists have long been interested in 
exploring the factors that control and 
initiate flowering and a good deal of work 
has already been done on photoperiodism 
and vernalization to solve this problem. 
However, our knowledge of the changes 
taking place in different organs of a flower 
and the requirements of these organs for 
normal development is not yet complete. 
The introduction of tissue and organ 
culture is an important step towards the 
understanding and analysis of these intri- 
cate phenomena. The process of meiosis 
and the subsequent formation of haploid 
male gametes is one of the most important 
events in the life history of an angiosperm. 
Recently attempts have been made to 
culture anthers on nutrient media and 
follow the course of pollen development 
in order to understand their physiology 
and biochemistry. Anther cultures not 
only seek to throw light on the mechanism 
of meiosis but can be of great help in 
solving problems of experimental cyto- 
logy, and of growth and differentiation. 

Shikamura (1934) made the first 
attempt to culture microspore mother cells 
of Tradescantia in sucrose solutions 
in order to follow the course of meiosis. 
He carried out his experiments with 


squeezed-out mother cells at metaphase I 
under ordinary (non-sterile ) conditions. 
He found that although in a large number 
of cells the division as well as wall forma- 
tion were inhibited, 20-40 per cent of the 
mother cells formed tetrads. Later, 
Gregory (1940) observed that even in 
liquid paraffin a large number of micro- 
spore mother cells in prophase go up to 
telophase. Division ceased completely 
in 24 hour old preparations although 
protoplasmic streaming could be seen up 
to at least 14 days. In sugar solutions 
also division stopped similarly ( Barber, 
1939). None of these experiments was, 
however, carried out in complete nutrient 
media or even under sterile conditions 
and full development could not take place 
because of the lack of food materials and 
fungal or bacterial contamination, the 
divisions stopping after one or two days. 
Gregory ( 1940; Lilium longiflorum ), Stern 
( 1946; Trillium erectum ), St. Gimesi et al. 
( 1949; Lilium martagon, L. regale ), Taylor 
(1949, 1950; Tradescantia canaliculata, 
T. paludosa ), Lima-de-Faria ( 1950; Secale 
cereale ) and Sparrow et al. ( 1955; Trillium 
erectum ) succeeded in culturing anthers 
excised at early prophase under sterile con- 
ditions in nutrient media and obtained 
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microspore tetrads and even 2-celled 
pollen grains (Sparrow et al., 1955). 

Development of the flower and its 
various parts is the result of a series of 
nicely co-ordinated physiological and 
morphological processes that take place 
in the plant. The rate of these processes 
differs in different plants with the result 
that pollen and embryo sacs usually reach 
their maturity after different periods. 
There is intense activity in the flower bud 
at the time of its development. This is 
followed by a marked drop in the respira- 
tory rate and an increase in the dry weight/ 
fresh weight ratio of the anther during 
meiosis. A similar drop in the respiratory 
rate has been recorded during the mitosis 
of the microspore nucleus following which 
there is a rise in oxygen consumption and 
then again a decline until anthesis takes 
place (Erickson, 1947, 1948). In Zea 
mays metabolic activity in the tassel 
reaches a peak 7-12 days after reduction 
divisions. This is evidenced by a higher 
rate of photosynthesis and an increased 
absorption of nutrients from soil ( Naylor, 
1952). Drought conditions, even for a 
short time during meiosis, greatly affect 
pollen development and, according to 
Naylor ( 1952), some of the abnormalities 
attributed to high temperatures ( Ran- 
dolph, 1932; Sax, 1937) can really be 
due to water shortage. If wilting occurs, 
the entire development of the pollen can be 
_ inhibited. Dehydration of the anthers of 
Tradescantia causes inhibition of spindle 
formation in one or both meiotic divisions 
resulting in the production of diploid and 
tetraploid microspores (Giles, 1939). 
These observations clearly show that 
even a slight change in the external or 
internal environment of the anthers, 
especially during meiosis, very greatly 
affects the development of the pollen. 

So far, the best development of pollen 
in vitro has been obtained with the help of 
25-50 per cent coconut milk (Sparrow 
et al., 1955; Linskens, 1956). A growth 
factor in coconut milk more or less substi- 
tutes the growth factor supplied to anthers 
in situ (Shantz & Steward, 1952). It is 
believed that the beneficial effect of coco- 
nut milk is due to its nucleic acid content 
( Linskens, 1956). Sparrow et al. (1952) 
showed an increase in the DNA content 


between pachytene and diplotene while 
in the first and second divisions there is 
no increase. From this it may be assumed 
that the premature death of anthers in 
vitro without coconut milk is due to the 
lack of DNA ( Linskens, 1956). In most 
plants the meiotic synthesis of DNA is 
completed by diplotene so that anthers 
excised at or after diplotene give little 
difficulty for culture. In Lilium longi- 
forum, however, DNA synthesis is com- 
pleted even before leptotene ( Taylor, 
1953 ) and the failure of pollen mother cells 
to undergo further development indicates 
that some other factor is limiting. Taylor 
(1953) and Taylor & McMaster ( 1954) 
have shown that in this plant the develop- 
ment of the tapetum is not complete until 
early diplotene and that the incomplete 
development of the tapetum may be the 
eritical factor limiting the development 
of pollen. Similar observations have also 
been made in /desia polycarpa (see Lins- 
kens, 1956). It has been demonstrated by 
Cooper (1952) that during meiosis in 
Lilium henryi and L. regale DNA is trans- 
ferred from the tapetal cells to the micro- 
spore mother cells. These investigations 
emphasize the importance of the tapetum 
in the nutrition and development of pollen 
and Linskens ( 1956 ) suggests that further 
biochemical work is necessary to solve 
this problem. 

Recent studies have shown that two 
new chemicals, kinetin ( Millér e¢ al., 1955, 
1956; Das, Patau & Skoog, 1956) and 
gibberellic acid (Kato, 1955; Marth, 
Audia & Mitchell, 1956; Whaley & Kep- 
hart, 1957), have a pronounced effect on 
the growth of tissues and plants. Kinetin 
was isolated from tobacco plants, coconut 
milk, yeast extract and DNA and has been 
since shown to be a potent cell division 
factor. Gibberellic acid, which actively 
promotes cell elongation, was discovered 
by the Japanese in 1920’s and isolated 
from Gibberella fujikuroi by Curtis & Cross 


1. Taylor & McMaster (1954) believe this 
to be incorrect. However, Linskens ( personal 
communication ) has recently stated that DNA 
escapes in the form of nucleotides from degene- 
rating tapetal cells and nuclei and is taken 
up by the reduced mother cells for synthetic 
processes. In the light of these observations the 
cytological investigations of Cooper (1952) take 
up a new interest. 
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(1954). This paper presents the results 
of some experiments on the effect of kine- 
tin and gibberellic acid on the growth and 
development of excised anthers (see also 
Vasil, 1957). No other attempts appear 
to have been made so far to grow excised 
anthers with the help of these two growth 
promoting substances. 


Materials and Methods 


Anthers of Allium cepa were excised at 
different stages of development ( mostly 
at leptotene-zygotene, Fig. 1) and cul- 
tured on various media in Pyrex culture 
tubes. One anther was removed from 
each bud and an iron-acetocarmine squash 
prepared to check the stage of develop- 
ment, the remaining five being left intact?. 
These buds were later sterilized in 8 per 
cent calcium hypochlorite solution for 
3 minutes, rinsed in sterile double distilled 
water and the anthers dissected out and 
inoculated under aseptic conditions. 

The media were prepared in Pyrex glass 
double distilled water. All cultures were 
stored in light at 20°-28°C. ( the range of 
temperature for each individual test series 
is mentioned in the text) except those 
which were given high temperature treat- 
ment ( 35° and 40°C.) and kept in the dark. 
The pH of the media was adjusted to 5-5. 

As a control, the development was also 
studied 72 vivo, in double distilled water, 
and in 0-8 per cent agar. White’s basic 


2. It was found that all the six anthers in a 
bud were approximately at the same stage of 
development. It was also observed that while 
in anthers developing on the plant meiotic divi- 
sions were mostly synchronous, in anthers grown 
in vitro several stages of meiosis could be seen in 
a single anther. 
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medium? was used for all cultures ( sup- 
plemented in various cases with kinetin, 
gibberellic acid, kinetin and gibberellic 
acid, maleic hydrazide-40, and colchicine ). 
All the media were autoclaved for 20 
minutes at 15 lb pressure except the coco- 
nut milk medium which was Seitz filtered. 

In all 1,050 anthers ( 210 cultures with 
5 anthers each) were cultured. In 25 
cases out of 210 the tubes became con- 
taminated by fungi or bacteria; however, 
only in 4 cases was the infection intro- 
duced during inoculation while in the 
remaining 21 the tubes got contaminated 
at the time when the anthers were remov- 
ed for observation at different intervals. 


Observations 


(A) CONTROLS — In nature buds with 
anthers at leptotene-zygotene reach pachy- 
tene in one day and form tetrads in 2-3 
days (in some cases they reach only meta- 
phase II or anaphase II in two days). 
No development took place when anthers 
were cultured at leptotene-zygotene or 


the tetrad stage, in double distilled water : 


or in 0-8 per cent agar ( 23°-28°C.). In- 
stead the contents were used up and after 
six days only the empty cell walls with 
degenerated nuclei were left ( Figs. 2, 3). 

(B) Wnıte’s MEDIUM — Anthers ex- 
cised at zygotene, leptotene-zygotene and 
metaphase I degenerated within two days 
( 23°-26°C.), their cell walls becoming 
thickened and contents gradually get- 
ting used up. Only in one case did an- 
thers excised at leptotene-zygotene reach 


3. The concentration of sucrose and indole- 
acetic acid was, however, modified to 1 per cent 
and 2 mg/l respectively. 


Fics. 1-6— Fig. 1. Microspore mother cells at the stage of excision; leptotene-zygotene. x 460. 
Fig. 2. Same, after six days in 0-8 per cent agar; cytoplasm has been consumed, although the de- 
generated nuclei persist. x 480. Fig. 3. From anthers excised at the tetrad stage and cultured 
in double distilled water; cytoplasm has been consumed but the degenerated nuclei persist as in 
Fig. 2. x 460. Fig. 4. Contents of anthers excised at the tetrad stage and cultured in White’s med- 
ium; empty microspores. x 480. Fig. 5. From anthers excised at leptotene-zygotene and cultured 


for two days in White’s medium (WM) with 0-05 mg/l kinetin. 


tetrads. x 650. 
as a mass of degenerated empty cells. x 145. 


Note presence of dyads as well as 


Fig. 6. Same, after 13 days; dyads and tetrads have degenerated and come out 
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a ae a en me mu u 


TAB eee 
TEMPERATURE CONCENTRATION PERCENTAGE OF CELLS 
2 OF KINETIN — : DE FEN u 
mg/l Undivided Dyads Tetrads 1- and 2- 
mother celled bodies 
cells with 2, 3, or 
4 nuclei 
23-28 0-05 20 57 19 4 
35 0:05 23 36 25 16 
40 0-05 12 42 46 — 
40 0-01 19 40 41 — 
40 0-15 a 14 21 65 


diplotene in two days, but after this they 
also degenerated. Anthers excised at the 
tetrad stage usually formed 1-celled 
microspores, but here also the contents 
were used up and no further development 
took place (Fig. 4). When anthers at 
leptotene-zygotene were kept in dark at 
35°C., 70 per cent of the mother cells re- 
mained undeveloped, but 24 per cent 
formed dyads and 6 per cent showed 
metaphase II in two days’ time. After 
this degeneration set in and no further 
development took place. 

(C) Coconut MILK MEDIUM (25 PER 
CENT) — At 20°-25°C., in 12 days’ time, 
anthers excised at leptotene showed 86 
per cent tetrads, 7 per cent dyads, 4 per 
cent 2-nucleate cells and 3 per cent degene- 
rating microspore mother cells. Cultures 
of buds were invariably contaminated by 
bacteria. 

(D) Wuite’s MEDIUM SUPPLEMENTED 
WITH KINETIN* — With 0-01 mg/l of kine- 
tin no change was seen after two days 
( 20°-25°C.) in anthers excised at lepto- 
tene-zygotene. After six days, 24 per 


4. Aqueous solution; dissolved with the help 
of 1 N hydrochloric acid ( see Miller et al., 1955 ). 


cent dyads, 8 per cent tetrads, 14 per cent 
2-celled but 3- or 4-nucleate bodies and 
54 per cent undeveloped mother cells 
were seen. After 14 days 67 per cent 
tetrads, 8 per cent dyads, 10 per cent 
2-nucleate and 15 per cent degenerating 
cells were observed. Anthers excised at 
dyad stage showed 76 per cent tetrads 
after six days. Anthers cultured in a 
medium, containing 0-05 mg/l kinetin 
( Figs. 5-7), showed 10 per cent mother 
cells in metaphase I, 40 per cent in meta- 
phase II, 45 per cent tetrads and 5 per 
cent undeveloped mother cells; some 2- 
and 4-nucleate cells were also seen ( Figs. 
13-16). With 0-1 mg/l of kinetin there 
were seen 11 per cent mother cells in meta- 
phase I, 27 per cent dyads, 15 per cent 
in metaphase II, 27 per cent tetrads and 
20 per cent undivided mother cells; in 
some cases 2-nucleate cells were also 
seen. When anthers were cultured at the 
tetrad stage 1-celled microspores were 
formed but no further development took 
place. 

The effect of kinetin and temperature 
on the development of pollen mother 
cells in anthers excised at leptotene-zygo- 
tene and kept in dark is shown in Table 1. 


Fics. 7-12. 
After 9 days. 


—— 


Fig. 7. Excised at leptotene-zygotene and cultured in WM with 0:05 mg/l kinetin. 
Note degenerating mother cells, healthy dyads and tetrads. x 188. 


Fig. 8. Excised 


at leptotene-zygotene and cultured for two days in WM with 1 mg/l gibberellic acid; metaphase 
II. x 540. Fig. 9. Excised at leptotene-zygotene and cultured for two days in WM with 5 mg/l 
gibberellic acid; late telophase II. x 650. Fig. 10. Excised at leptotene-zygotene and cultured for 
two days in WM with 0-05 mg/l kinetin and 1 mg/l gibberellic acid. Majority dyads, few tetrads. 
X 135. Fig. 11. Excised at leptotene-zygotene and cultured for two days in WM with 0-05 mg/l 
kinetin and 5 mg/l gibberellic acid. Majority tetrads, few dyads. x 145. Fig. 12. Excised at 


leptotene-zygotene and cultured for four days in WM with 0-05 mg/l kinetin and 1 mg/l gibberellic 
acid; to show growth of filament. x 75. 


Fics. 7.12. 
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(E) Wuite’s MEDIUM SUPPLEMENTED 
WITH GIBBERELLIC Acıp® — At 23°-25°C. 
with 1 mg/l of gibberellic acid®, anthers 
excised at leptotene-zygotene showed 31 
per cent mother cells in diplotene-dia- 
kinesis, 27 per cent in metaphase IT ( Fig. 
8) and 42 per cent dyads in two days; 
after six days 86 per cent dyads and 14 
per cent mother cells were seen. With 
5 mg/l of gibberellic acid 12 per cent 
undeveloped mother cells, 32 per cent 
dyads, 14 per cent of the cells in meta- 
phase II, and 42 per cent in telophase II 
( Fig. 9) were seen in two days; after six 
days 87 per cent of these formed tetrads 
while 13 per cent degenerated. In an- 
thers cultured in a medium containing 
10 mg/l gibberellic acid, 15 per cent of 
the mother cells developed up to diplotene, 
55 per cent formed dyads and 30 per cent 
remained undivided up to two days while 
with 25 mg/l of gibberellic acid 89 per cent 
of the mother cells degenerated and only 
11 per cent formed dyads. No further 
change was seen after two days and the 
cells gradually degenerated. 

(F) WHITE’S MEDIUM SUPPLEMENTED 
WITH KINETIN (0-05 MG/L) AND GIBBE- 
RELLIC ACID — Anthers excised at lepto- 
tene-zygotene, and kept at 23°-25°C. in a 
medium with kinetin and 1 mg/l gibbe- 
rellic acid, showed 7 per cent undivided 
microspore mother cells, 71 per cent 
dyads and 22 per cent tetrads within two 
days (Fig. 10). After four days only 
tetrads were seen. If, however, anthers 
excised at dyad or tetrad stage were cul- 
tured, 1-celled microspores were produced. 
With kinetin and 5 mg/l gibberellic acid 


5. Obtained through the courtesy of Dr P. W. 
Brian, Research Department, Imperial Chemical 
Industries Ltd., The Frythe, Welwyn, Herts, 
England. 

6. Dissolved in absolute ethyl alcohol ( see 
Kato, 1955 ). 
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only 5 per cent of the microspore mother 
cells remained undivided, 20 per cent 
formed dyads, 17 per cent showed ana- 
phase II and 58 per cent formed tetrads 
within two days’ (Fig. 11) and within 
four days all the cells formed tetrads. 
The anther filament was removed during 
inoculation, but the portion attached to 
the base of the anther grew up to about 
1 mm in several of these cases and had 2- 
3 small finger-like processes at its lower 
end (Fig. 12). This was more frequent 
in media containing kinetin and 1 mg/l 
gibberellic acid. 

(G) WuiItTEe’s MEDIUM SUPPLEMENTED 
WITH MALEIC HYDRAZIDE ( 40 )— At 22°- 
27°C. with 10 ppm of maleic hydrazide, 
anthers excised at leptotene-zygotene in- 
variably degenerated. If excision was 
made at the dyad stage, the second division 
took place in 60 per cent of the dyads 
with a partial or complete failure of wall 
formation. In a medium with 25 ppm 
maleic hydrazide 60 per cent of the mother 
cells degenerated, 8 per cent formed dyads, 
12 per cent tetrads, 7 per cent 2-nucleate 
cells, 4 per cent 4-nucleate cells and 9 
per cent contained 2-9 unequal nuclei 
(see Figs. 13-16 of kinetin media). At 
50 ppm maleic hydrazide 67 per cent of 
the mother cells remained undivided, 8 
per cent formed dyads, 8 per cent form- 
ed tetrads, 6 per cent formed 2-nucleate 
cells, 6 per cent formed 4-nucleate cells 
and 5 per cent of the cells showed 2 to 
9 unequal nuclei. At a concentration of 
100 ppm maleic hydrazide 90-95 per cent 
of the mother cells degenerated while 
the remaining 5-10 per cent showed a 
breakdown of the chromatin into 4-6 
unequal and irregular masses. It is be- 
lieved that wall and spindle formations 


7. This is as good as, or perhaps better, than 
the development obtained in vivo (cf. A). 


Se 


Fics. 13-18 — Figs. 13-16. Abnormal behaviour of microspore mother cells in WM with 0-05 
mg/l kinetin; these aberrations are much more common in media containing maleic hydrazide. 


Anthers excised at leptotene-zygotene and cultured for nine days. 
degeneration of one dyad cell or one microspore in Figs. 13, 14. 


Note failure of wall formation, 
Irregular breaking of chromatin 


can be seen in Figs. 15, 16. x650. Fig. 17. From anthers excised at leptotene-zygotene and culti- 


vated in WM with 0-05. per cent colchicine. 
Fig. 18. 
cent colchicine. 


{ After six days. 
From anthers excised at leptotene-zygotene and kept for eight days in WM with 0-1 per 
Note degenerating mother cells and an enlarged, vacuolated mother cell. x 560. 


Note thickening of cell walls. x 145. 


Fics. 13-18. 
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were inhibited, and consequently the 
chromosomes separated irregularly. 

(H) Wuite’s MEDIUM SUPPLEMENTED 
WITH COLCHICINE — In anthers excised 
at leptotene-zygotene and kept at 21°- 
26°C. with 0-05 per cent (50 mg/l) col- 
chicine, reduction division stopped at 
metaphase I in 12 per cent of the mother 
cells while 28 per cent dyads, 26 per cent 
tetrads, 31 per cent 2-nucleate cells and 
3 per cent 4-nucleate cells were seen. In 
some cases 62 per cent of the mother cells 
had formed tetrads. With 0-1 per cent 
(100 mg/l) colchicine 63 per cent of the 
microspore mother cells degenerated, 3 
per cent formed dyads, 4 per cent tetrads, 
17 per cent 2-nucleate cells, 7 per cent 3- 
nucleate cells and 6 per cent 4-nucleate 
cells. All these cells contained scanty 
cytoplasm, were vacuolated and the cell 
walls had thickened ( Fig. 17). Some of 
the mother cells enlarged considerably 
and became highly vacuolated, appearing 
like parenchymatous cells (Fig. 18). If 
excision was made at the dyad stage, the 
dyads degenerated and in many cases the 
dyad cells separated out without under- 
going any further development. 

In almost all cases where anthers were 
cultured at the tetrad stage, 1-celled 
microspores were formed but the micro- 
spore nucleus failed to divide. On the 
other hand, the cytoplasm was gradually 
consumed and the nucleus degenerated. 
This failure of further development may 
be due to the presence of high humidity 
in culture media, because in nature the 
anthers have a comparatively low mois- 
ture content at this stage. Even in other 
cases, where development took place, if 
the anthers were retained in the nutrient 
medium for long intervals, the cytoplasm 
gradually disappeared leaving empty cell 
walls with degenerated nuclei. 

Fig. 19 shows optimum development of 
anthers excised at leptotene-zygotene and 
cultured in different media. 


Summary and Conclusions 


It has been the experience of several 
workers that the anthers of a particular 
plant develop further only when excised 
at a certain stage of development. In 
cases where premature excision was at- 
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tempted, the sporogenous tissue failed to 
undergo meiosis, while mitotic divisions 
continued for several days and the whole 
of the sporogenous tissue gradually chang- 
ed into elongated and vacuolated paren- 
chyma cells. In Allium cepa no such 
change was seen even if the anthers were 
excised at leptotene ; however, in a medium 
containing 0-1 per cent colchicine some of 
the mother cells enlarged, showed scanty 
cytoplasm and vacuolation, and appeared 
like parenchymatous cells. 

All workers agree that no development 
takes place in anthers excised earlier than 
pachytene and in some cases even diplo- 
tene. In contrast to these observations 
it has been found that anthers of A. cepa 
develop in various media even if excised 
at leptotene and leptotene-zygotene®. In 
anthers excised earlier, microspore mother 
cells failed to undergo meiosis, presumably 
because certain essential substances res- 
ponsible for normal development are 
absent in the anther at this time. It was 
also observed by St. Gimesi et al. ( 1949 ) 
that as long as the anthers remained 
attached to the floral envelope, the deve- 
lopment of the pollen was quite normal, 
but after separation development ceased 
at the stage at which excision was made. 
Certain grafting experiments of Gregory 
(1940) throw further light on this prob- 
lem. He cultured small branches of 
tomato plants bearing flower buds at 
different stages. In branches containing 
anthers at premeiotic stages no further 
development took place while normal 
development was observed in branches 
where meiosis had already been initiated. 
However, when branches bearing pre- 
meiotic anthers were grafted on to healthy 
flowering stocks, normal pollen developed 
in the former. These experiments clearly 
indicate that the control of chromosomes 
at meiosis is not entirely vested in the 
anthers but is dependent on the avail- 
ability of certain substances transported 
totheanther from other regions of the plant 
or manufactured in the anther itself at 


8. Taylor and his co-workers have obtained 
tetrads in lily anthers excised at leptotene but 
never with the high percentage of survival, as 
reported in this paper ( see also Vasil, 1957 ) with 
the help of kinetin and gibberellic acid ( personal 
communication from Prof. J. H. Taylor). 
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certain stages of development ( Gregory, 
1940; Taylor, 1950; Sparrow et al., 1955 ). 

In the course of the present investiga- 
tion, coconut milk, kinetin, gibberellic 
acid, and gibberellic acid in conjunction 
with kinetin have been found to be very 
satisfactory for the growth and differen- 
tiation of excised anthers im vitro. This 
is the first time that kinetin and gibbe- 
rellic acid have been used for the culture 
of excised anthers. According to Kato 
( 1955 ) no case is known where gibberellic 
acid promotes cell division although it is 
known to cause elongation of cells (see 
also Stowe & Yamaki, 1957; Brian, 1957 )®. 
It is also interesting to note that in A. 
cepa a combination of kinetin (0:05 mg/l) 
and gibberellic acid (5 mg/l) gives as 
good a development as that found in vivo, 
or perhaps better. Higher concentrations 
of kinetin (0-1 and 0-15 mg/l) and 
gibberellic acid (10 and 25 mg/l) are 
inhibitory (in Rhoeo discolor I have found 
that even 25 mg/l of gibberellic acid 
gives more or less satisfactory develop- 
ment and is not as inhibitory as in the 
case of A. cepa). 

Although the chemical structure of the 
gibberellins or gibberellic acid does not 
conform to that of the auxins, comparisons 
have been made from time to time between 
gibberellic acid and the auxins. Subba- 
Rao (1957) states that ‘‘ Indeed, the 
demonstration of gibberellic acid in vivo 
within infected rice plants and the ability 
of such in vivo gibberellic acid to induce 
elongation of naturally infected host 
plants is not only indicative of its role in 
disease production but also an evidence 
in favour of regarding it as a true auxin ”’. 
Gibberellins influence the growth of an 
extraordinarily large group of plants and 
there is also direct evidence for the exist- 
ence of gibberellin-like materials in plants 
( Mitchell ef al., 1951; Stowe & Yamaki, 
1957). More recently, West & Phinney 
(1956) have demonstrated the presence 
of gibberellin-like substances in Echino- 


9. In a recent short report by Sachs & Lang 
(1957 ), it is stated that ‘‘ gibberellin causes a 
great increase in the number of cell divisions in 
the subapical region of nonvernalized biennial 
Hyoscyamus niger rosettes, thus proving that 
gibberellin may function as a regulator not only 
of cell elongation but also of cell division ”. 
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cystis seeds (see also Radley, 1956). The 
fact that gibberellic acid promotes cell 
division markedly in Allium anthers is 
further evidence of its having auxin- 
like properties (see Brian, Hemming & 
Radley, 1955; Brian, 1957 ). However, 
gibberellins are not auxins in the usual 
sense of the term because they are struc- 
turally different from auxins. According 
to Stowe & Yamaki ( 1957 ), those gibber- 
ellins that have so far been tested “ do 
meet the requirements of activity in some 
of the auxin bioassays and strictly 
speaking are thus auxins, albeit atypical 
ones ””. 

In several cases wall formation failed 
after the first or second division!® and 
unequal nuclei were formed (especially 
with 25 and 50 ppm maleic hydrazide) 
perhaps because of a failure of spindle 
formation and the irregular distribution 
of the chromosomes at meiosis. 

The addition of maleic hydrazide and 
colchicine to the medium inhibited deve- 
lopment of pollen and caused several 
abnormalities. 

High temperatures ( 35°-40°C.) did not 
bring about any marked change although 
in general a slight acceleration in develop- : 
ment was noticed. 

The use of kinetin and gibberellic acid 
is recommended for tissue culture pro- 
grammes and it is believed that these will 
help to overcome many of the hazards limit- 
ing the progress of research in this field. 

I take this opportunity of recording my 
sense of indebtedness and gratitude to 
Professor P. Maheshwari, under whose 
guidance the above work was carried out, 
for all the help and encouragement during 
the course of this investigation. I am 
also grateful to Professors Kenneth V. 
Thimann (Harvard University), J. H. 
Taylor (Columbia University ) and H. F. 
Linskens ( University of Nederlands ) for 
going through the manuscript and helping 
me with their comments and criticisms. 

This programme of work was carried 
out under the C.S.I.R. ( Council of Scien- 
tific & Industrial Research ) scheme on 
“In vitro Culture of Plant Organs ”. 


10. This has also been observed by earlier 
workers, and Shikamura ( 1934) found that the 
addition of anther sap to a nutrient solution 
facilitated the formation of cell walls. 
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ON SOME CYTOLOGICAL PRINCIPLES UNDERLYING 
DOUBLE FERTILIZATION 


HELEN GERASSIMOVA-NAVASHINA 
Botanical Institute, Academy of Sciences of the U.S.S.R., Leningrad, U.S.S.R. 


Fertilization among angiosperms has 
acquired a very specialized and a highly 
complicated form. Instead of a single 
egg cell, two unequal female cells are 
formed. After fertilization, by the two 
sperms formed shortly before the process, 
they are destined to follow altogether 
different courses of development. This, 
in essence, is the process of double ferti- 
lization which was discovered by S. G. 
Nawaschin some sixty years ago. 

The cytological situation becomes still 
more complex inasmuch as from the very 
moment of their formation, the sperms of 
angiosperms lead an exclusively intra- 
cellular life. Together with the cyto- 
plasm of the pollen tube, they constitute a 
unified “ fertilizing system ” ( Gerassi- 
mova-Navashina, 1951a, b; 1952). 

A number of cytological features pe- 
culiar to double fertilization make this 
phenomenon very important for broad 
comparative studies. Such studies should 
help a great deal in grasping the laws which 
generally control fertilization. 

The most remarkable feature of double 
fertilization undoubtedly lies in the fact 
that both the sperms originating from a 
single division play a rôle in the act of 
fertilization which leads to a_ twofold 
result. After they are jointly discharged 
in the embryo sac they separate and move 
in diametrically opposite directions, each 
penetrating into one of the two neigh- 
bouring female cells: one sperm enters the 
egg which subsequently gives rise to the 
embryo, while the other fuses with the 
central cell of the embryo sac, which pro- 
duces a highly nutritive tissue, the endo- 
sperm, possessing the advantages of being 
both hybrid and polyploid. 

The problem of the movement of the 
sperms, and, in particular, the enigma of 


such a decidedly directed movement with- 
in the embryo sac, are still matters of 
debate and have resulted in a number of 
hypotheses. S. G. Nawaschin ( 1898 ) ori- 


ginally thought that the sperms possess — 


a power of autonomous locomotion. Or 
the other hand, Strasburger (1900). 
working with living embryo sacs of Mono- 
tropa hypopitys, held the sperms as passive 
bodies and explained their movement by 
the force of cytoplasmic currents. 
Nawaschin clearly defined the problem in 
his last paper (1927). He focussed his at- 
tention primarily upon the most enig- 
matic feature of the phenomenon, i.e. the 
directed disjunction of the sperms. 


Having come upon a plant possessing : 


sperms of spherical shape he had to give 
up his old hypothesis of an autonomous 
vermiform locomotion and advanced a 


new one, according to which two sperms | 


formed at a single mitosis should be enan- 
thiomorphs. Since, like the sperms, the 


female nuclei are also derived from a. 
single mitosis, each of the two sperms | 


“chooses ” one of the female enanthio- 
morphs which is of the same “ sign ”’ or is, 
so to say, physico-chemically ‘‘ tuned” 
in a corresponding manner. However, 
the question of the nature of the move- 
ment of the sperms was left open by 
Nawaschin. A great advantage of his 
hypothesis lies in the fact that it was 
based upon an historical approach, and he 


sought an explanation of the properties | 
and the behaviour of the sperms in their 


origin. 


In dealing with the same subject, I have: 


discussed the behaviour of the sperms 


in the light of those phenomena which | 
stipulate the movements and the interac- - 


tions of nuclei in the mitotic cycle and 
which are proper to any cell (Gerassimova- 
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| 


GERASSIMOVA-NAVASHINA — ON SOME CYTOLOGICAL PRINCIPLES 151 


Navashina, 1947a, b, c, d; 1951a, b; 1952; 
#954b, .c;1955a, b; 1956; 1958). I do 
not attribute to the sex cells any forces or 
abilities peculiar to them only, such as 
“ sexual attraction ” and the like. 

In my opinion the motion of the sperms 
should be identified with the repulsion of 
the daughter nuclei, which is invariably 
observed in mitotically active cells. This 
is by no means a special feature of 
spermatogenesis but is of general occur- 
rence. It is found not only in nuclei 
which have not yet completed their cycle 
of mitotic activity but is sometimes also 
seen during interkinesis. Since enough 
attention has never been paid to this 
phenomenon, we may consider it in some 
detail. 

In divisions of ordinary meristematic 
cells repulsion of the daughter nuclei is 
not appreciable owing to an early forma- 
tion of the partition wall, the latter in 
some way setting a limit to the repulsion 
which is very strong at anaphase. The 
validity of this explanation has been veri- 
fied in many cases where a separation of 


the daughter cells is suspended or re- 
latively delayed. The most instructive 
case of this type is seen during micro- 
sporogenesis. The phenomenon of mutual 
repulsion applies equally well to both suc- 
cessive and simultaneous types of tetrad 
formation (Figs. 1, 2). It should be 
noted here that, although widely figured 
by several workers, this phenomenon has 
not so far received adequate consideration. 
Tschistiakoff’s (1874) account of spore 
formation in Equisetum and Lycopodium 
and Tahara’s work on tetrad formation 
in Chrysanthemum (1915) may be cited 
as examples where the repulsion of nuclei 
is figured particularly well. 

In his well known experimental work on 
Spirogyra, Gerassimoff ( 1890 ) noted the 
mutual repulsion of nuclei for the first 
time. In uninucleate cells the nucleus 
occupies a central position. In binucleate 


cells the nuclei are never found together 
at the centre but are pushed apart to the 
cell walls as if they repelled each other. 
If one of the two nuclei was removed from 
the cell, the other once again assumed 


Fic. 1 — Nuclear dynamics in the microsporogenesis (successive type) of Lilium regale L. 
Partition walls are formed late in the first and second meiotic divisions so that repulsion of the 
daughter nuclei in telophase is not hindered. The nuclei continue to repel each other at inter- 
kinesis both after the first and second divisions; they reach the extreme periphery of the micro- 
sporocytes, and only after cell plate formation there is a gradual regression of the nuclei into a 


central position in their respective cells. 


( After Gerassimova-Navashina, 1954c.) 
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a central position. Gerassimoff presumed 
that the nucleus acquires a central position 
owing to a repulsion from the membrane 
of the protoplast (or perhaps from the 
cell wall). This led him to conclude that 
nuclei are bearers or sources of some sort 
of energy. The notion that interaction 
of cell elements was of a dynamic nature 
was expressed as early as 1884 by Stras- 
burger and in 1887 by Haberlandt. 
Especially instructive cases of this type 
have been recorded by me in the spermio- 
genesis of a number of plants of the Com- 
positae, Umbelliferae and Butomaceae 
(Figs. 3, 4) (Gerassimova-Navashina, 
1947a, b; 1951b; 1954c). The position 
of nuclei in mitotically active cells is no 
doubt determined by some unknown 
dynamic factors. Among these may be 


mentioned first the mutual repulsion of 
nuclei and the subsequent tendency of the 
nucleus to assume the central position in 
the protoplast, according to the so-called 
rule of O. Hertwig. 

Similar conditions also prevail in co- 
If in a mitotically dividing 


enocytes. 


cell there happen to be two nuclei, the | 
latter do not unite in the course of the 
mitotic process but divide independently | 
(cf. M. S. Navashin, 1945) owing to the 
mutual repulsion which develops with the 
initiation of mitosis; at the same time 
they are repelled by the cell walls which 
make them occupy some points of equi- 
librium. In an actively meristematic 
tissue no union of nuclei ever takes place 
at the resting stage in occasionally formed | 
binucleate cells, although their nuclei are 
tightly adpressed to each other, fusion 
being evidently prevented by the presence 
of nuclear membranes (Fig. 5). The 
dikaryons of fungi have probably a similar 
nature as they are known to continue te 
divide without union for a long time. We 
shall return to this subject later. 

The same principle exists in multi- 
nucleate cells ( besides those we have al: 
ready mentioned in connection with micro- 
sporogenesis ). A similar repulsion be- 
tween the nuclei is also seen in coenocytes 
of highly varied origin. It is owing te 
such repulsion that the nuclei happen to be 


Fic. 2 — Nuclear dynamics in microsporogenesis of Crepis tectorum L. Simultaneous type of! 
tetrad formation. As no partition walls are formed after the two meiotic divisions a strong 
mutual repulsion between all the four nuclei continues at late telophase and lasts until interphase; 
owing to this the nuclei are pushed out right up to the wall of the microsporocyte. Mutual 
repulsion of nuclei continues until the separation of the microspores which is brought about by 


furrowing; the nuclei then move in 
( After Gerassimova-Navashina, 1954c.) 


and assume central positions in the young microspores. . 


Fic. 3 — Division of the spermiogenic (generative) cell within the pollen grain of Crepis 
capillaris (L.) Wall. a. Spermiogenic cell before division. b. Same, late prophase. c. Transition 
to metaphase; the cytoplasm of the spermiogenic cell is almost consumed during chromosome 
formation. d. Anaphase; the chromosomes lie directly in the pollen grain cytoplasm and leave tracks 
in it while moving apart. e. Telophase; the chromosomes have disjoined and moved apart to 
the maximal distance. f. Pollen grain with mature sperms which are composed of partly despira- 


lised anastomosing chromosomes; they still strongly repel each other. 
tative ) nucleus is clearly visible at every stage of spermiogenesis. 


1947a, b; 1951b.) 


arranged in very regular patterns: the 
mitotic figures are spaced at equal inter- 
‘vals from each other, and so are generally 
the nuclei at interphase. This condition 
is found in various organisms, even in 
coenocytes of a very large size. The 
following examples may be cited: cleavage 
of egg cells in aphids ( Fig. 6), giant cells 
of the suspensor in Leguminosae, nuclear 
endosperm in gymnosperms and angio- 
sperms, and the peculiar type of embryo 
development in Paeonia ( Yakovlev, 1951; 
Yakovlev & Yoffe, 1957). Owing to the 
special conditions prevailing in very large 
coenocytes the expression of these prin- 
ciples is somewhat modified. Thus syn- 
chronous divisions are replaced by a 
“wave”; the nuclei, instead of being 
evenly distributed in the cell, are pushed 


The siphonogenic ( vege- 
( After Gerassimova-Navashina, 


to its walls, the condition being associated 
with a strong vacuolation of the coenocytic 
system. 

Although the exact nature of nuclear 
repulsion is still unknown, with good 
fixation one can nevertheless see that the 
cytoplasm adjoining the nuclei is or- 
ganized in a radiating fashion. On the 
basis of this phenomenon which is quite 
familiar to cytologists one may think that 
the principal cause of the mutual repulsion 
of nuclei lies in their interaction with the 
cytoplasm. With sufficiently dense distri- 
bution of nuclei the systems of cytoplasmic 
rays surrounding the nuclei come into 
mutual contact, the so-called “‘ secondary 
spindles’ being formed between all the 
nuclei. As is well known such structures 
originate with great regularity between 
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the nuclei, no matter whether they belong 
to a sister pair or not. When the distances 
between the nuclei are not too great, cell 
plates may be formed subsequently at the 
equators of these secondary spindles, just 
as in the case of primary ones ( Fig. 7). 
This obviously proves that under certain 
circumstances all nuclei display an inter- 
action which is somewhat comparable to 
that existing between sister nuclei at 
mitosis. Such pictures known ever since 
the discovery of karyokinesis by Tschitsia- 
koff (1874) induced Strasburger ( 1875 ) 
and many others to speak of some in- 
herent energy in nuclei, which arranges 
the micelles of the cytoplasm in a pattern 
comparable to that assumed by iron filings 
when placed in a magnetic field. These 
observations have led to the formulation 
of electromagnetic hypotheses of mitosis. 

Nuclear repulsion should thus be con- 
sidered an undeniable reality. Although 
its nature remains obscure (possibly it 
belongs to the domain of electrostatics ), 
it is nevertheless evident that this repul- 
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sion is in some way connected with the or- 
ganization of cellular elements, which is 
brought about by an interaction between 
the cytoplasm and the nuclei. Repulsion 
begins at anaphase and lasts in mitotically 
active cells until divisions are possible and 
the nuclei contained in them are not yet 
isolated from one another by partition walls. 
Such interaction may last for a very long 
period of time, and, as we have seen, 
exists even in such cells whose nuclei have 
already attained the interkinetic state 
(Figs.01) 2) 75 8b. 

The fact that this phenomenon is of very 
common occurrence makes one think that 
it is of a general nature. For the sake of. 
brevity I shall not cite further instances … 
although one could easily find scores of 
them in various organisms. Repulsion 
occurring at one or the other develop- 
mental stage often plays a leading part 
in the differentiation of various structures. — 

Here we shall consider only those dyna- 
mic relations which are concerned with 
the embryo sac of angiosperms in which 


Fic. 4 — Nuclear dynamics in the division of the spermiogenic cell and sperm formation in 
Butomus umbellatus L. The daughter nuclei move apart and reach the very boundaries of the 


spermiogenic cell, but after the separation of the two sperm cells the nuclei 
( After Gerassimova-Navashina, 1951b.) 


central positions. 


gradually revert to 
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occur the events of double fertilization. 
We are principally confronted here with 
the action of the same factors which, 
combined with the elementary general 
laws of cellular development, lead to the 
formation of an embryo sac of one or 
the other type ( Gerassimova-Navashina, 
19544 b,c; 1955271958 |. 

Considering the development of the 
normal type of embryo sac ( Figs. 8, 9) 
( the same principles underly the develop- 
ment of other existing types), after the 
completion of the first mitosis in the 
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macrospore, the spindle being oriented 
along the greater axis of the macrospore 
(according to O. Hertwig’s rule), the 
daughter nuclei move apart, as they do 
in every mitosis, toward the two poles of 
the polarized cell and occupy the foci of 
the ellipsoidal coenocyte. The second 
and the third divisions take place syn-- 
chronously at the micropylar and the 
chalazal ends of the developing emb- 
ryo sac. In conformity with the rules 
of Hofmeister, Sax, and O. Hertwig the 
spindles of these mitoses are oriented at 


Fig. 5 — Nuclear dynamics in binucleate cells occasionally occurring in adventitious roots 


formed from leaf cuttings of Crepis capillaris. 
position. 


The two nuclei touching each other lie in central 
Owing to mutual repulsion during mitosis no nuclear fusion takes place and even at 


metaphase the division figures keep their individuality within a common cell, just as in micro- 


sporogenesis of the simultaneous type. 
phase. ( After Gerassimova-Navashina, 1954c.) 


Persisting membranes prevent nuclear fusion at inter- 


Fic. 6 — Nuclear dynamics during cleavage 


in a plant-louse, Aphis sambuci. The uniform 
distribution of the synchronously dividing free 
nuclei is obviously due to mutual repulsion. 
(After Buchner, 1915; from Gerassimova- 
Navashina, 1954c.) 


right angles to each other. A quartet of 
nuclei is formed at each of the two poles, 
the nuclei being arranged tetrahedrally. 
After each of these mitoses, owing to 
mutual repulsion, the nuclei move towards 
the opposite walls of the coenocyte. 
Therefore, after completion of the third 
mitosis the nuclei of the two resulting 
tetrads become arranged in the following 
manner: three lean upon the domed wall, 
while the fourth faces the cavity of the 
embryo sac which now comes to be 


PHYTOMORPHOLOGY 


[ October 


occupied by a growing vacuole, This con- 
dition coincides with the ‘saturation ” 
of the polar accumulations of cytoplasm 
with nuclei, and partition walls now ap- 
the 


pear between the nuclei, forming 
egg apparatus and antipodals. Strong 
vacuolation and rapid growth of the 


embryo sac prevent the formation of a wall 
between the remaining two nuclei of the 
two quartets ( polar nuclei ) leading to the 
formation of a large binucleate central 
cell. A single dynamic centre soon ap- 
pears in it, and the two polar nuclei are 
generally drifted there. The phenomena 
described above, although — specifically 
characteristic of the organization of the 
embryo sac, are not exclusively inherent 
in this structure only. As will be shown, 


Fic. 7 — Nuclear dynamics and cell formation 
in the primary endosperm of Sequoia gigantea. 
a. Earlier stage showing uniformly distributed 


nuclei. Interaction between nuclei is evidenced 
by the orientation of cytoplasmic particles form- 
ing spindles which connect all the nuclei with 
one another, so that astral figures with six rays 
are formed. b. Later stage; partition walls have 
been laid down between the nuclei at the equa- 
tors of the connecting spindles. ( After Buchholz, 
1926; from Gerassimova-Navashina, 1954c.) 
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the situation is more or less similar to that mon dynamic centre of the cell. Thus 
in any bi- or multi-nucleate cells after Némec (1910) has shown that in multi- 
mitotic activity has entirely ceased in nucleate cells which give rise to vessels, 
them: instead of repelling each other the all the nuclei become aggregated after a 
nuclei are regularly drifted towards a com- period of mutual repulsion. An analogous 


Fic. 8 — Nuclear dynamics and cell formation in the development of the normal type embryo 
sac of Crepis tectorum L. a. Young binucleate female gametophyte. The nuclei (the primary 
micropylar and the primary chalazal) lie at the foci of the ellipsoidal coenocytic cell and are in 
the mitotic prophase of the second division. The central portion of the coenocyte is occupied 
by a large vacuole. The nucellus is being absorbed by the enlarging gametophyte and is repre- 
sented by dark remnants. 6. Young 4-nucleate gametophyte. Note telophasic repulsion of 
nuclei. At interkinesis the four nuclei have already moved apart to the limit, their outer sur- 
faces becoming strongly pressed against the boundaries of the protoplast; despite deformation 
caused by the force of repulsion, the nuclei retain their typical telophasic shape. The remnants 
of the spindles persist between each pair of nuclei. c. Four nucleate gametophyte at metaphase. 
All the nuclei divide synchronously and the spindles are nearly at right angles to one another, 
as each spindle is oriented along the greater axis of the cytoplasmic accumulation. A haploid 
chromosome set typical of Crepis tectorum is seen at the upper end of the gametophyte. The 
chalazal end is somewhat ahead of the micropylar and the lowest ( chalazal) nucleus has already 
entered the anaphase stage. d. The young embryo sac soon after cell formation: d,, micropylar 
part; the micropylar polar nucleus is at its original position in the quarter but has significantly 
increased in size, the egg is still considerably smaller than the synergids which already show a 
typical vacuolation; d,, chalazal portion of the embryo sac at the same stage showing the 
chalazal polar nucleus at its original position in the quarter; the lowest antipodal cell is strongly 
vacuolated; the wall separating the two upper cells lies in the plane of the drawing. x 1250. 
( After Gerassimova-Navashina, 1954c.) 
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phenomenon is known to occur in old 
multinucleate cells of the endosperm, both 
in gymnosperms and in angiosperms; and 
it occurs in multinucleate antipodal cells, 
in the cells of galls, etc. The crowding 
together of the many “polar nuclei” 
peculiar to certain embryo sac types has 
undoubtedly the same nature. 

The changing physiological condition 
of the cell thus plays the leading part in 
the altered behaviour of nuclei. 

As already known the polar nuclei of 
the embryo sac after having met at a 
definite place sooner or later fuse to form 
the single secondary nucleus. 

The fusion of nuclei is of special signi- 
ficance to us since it represents the central 
feature of the process of fertilization. 
Special attention should, therefore, be 
paid to it. 

Fusion of nuclei fails to take place in 
binucleate cells although they are tightly 
pressed against each other, this being 
probably prevented by the presence of 
membranes ( Fig. 5). From the informa- 
tion available it may be concluded that 
nuclear fusion can take place only at 
mitosis, most probably at late prophase 
when the nuclear membrane breaks down. 
However, the approach of mitosis is 
usually accompanied by the above noted 
activation of the cell, which leads to a 
restored mutual repulsion of the nuclei. 
But, under special physiological condi- 
‘tions existing in coenocytes, which may 
be described as a singular state of “ de- 
pression’, the nuclei, although entering 
mitosis, cannot develop sufficient repul- 
sion and, therefore, fuse together. Sucha 
phenomenon is known to occur in various 
histogeneses which are accompanied by 
polyploidization (e.g. in tapetal cells of 
the anthers, in the antipodals, in the 
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ultimate developmental stages of endo- 
sperm, both primary and secondary, 
during the development of certain special 
types of embryo sac, etc.). In lower 
plants Blackman (1904) reported the 
union of dikaryons in the Uredineae at 
the end of the growing period, shortly 
before the cells enter the winter rest, 
i.e. when they would most probably suffer 
a physiological depression. 

The singular phenomenon of union of 
polar nuclei may be regarded as a similar 
occurrence. At the time of this union 
mitotic activity ceases in the embryo sac. 
However, this may not cease all at once 
but proceeds gradually in the form of a 
“wave ’” which spreads along the embryo 
sac ( Fig. 9). Thus in Crepis it was ob- 
served that the antipodals as a rule under- 
go an additional mitotic division resulting 
in a doubling of their number ( six instead 
of the initial three ); mitotic activity is not 
stopped, and the antipodal nuclei make fur- 
ther ‘‘attempts”’ to divide although these 
may prove to be abortive and are followed 
by endomitosis and amitosis. Such a 
behaviour of antipodals is also reported 
in many other plants. 

The polar nuclei, which lie in juxta- 
position, never enter true mitosis prior to 
fertilization, although they display certain 
features of the ensuing mitosis. Thus their 
network becomes strongly chromatic and 
acquires a prophase-like appearance, while 
the nuclear membranes begin to break 
down in the region of contact. The latter 
circumstance makes possible the final 
union of the two polar nuclei to form a 
single secondary nucleus. 

The wave of the fourth mitosis initiated 
in the embryo sac also spreads over the 
cells of the egg apparatus although it is 
weaker here; the nuclei of these cells show 


—— 


Fic. 9 — Later stages of embryo sac formation in Crepis tectorum. a. Young embryo sac 
at the moment when the polar nuclei come into contact at the middle of the central cell; all the 


nuclei are in a resting stage x 820. 


b, c. Formation of the egg-apparatus, fusion of the polar 


nuclei and division in antipodal cells... The nuclei of the egg-apparatus and polar nuclei show a 
strong chromatization and all of them are in a prophasic state; the antipodals are in prophase 
and metaphase. x 1250. d. Greatly enlarged egg and the secondary nucleus adjoining it; above 
is seen the nucleus of a synergid. Both the egg nucleus and the secondary nucleus are still chro- 


matized. x 1250. ‘ 
binucleate and show chromosome doubling. 


e. The lower part of the embryo sac. 
The polar nuclei are strongly chromatized and 


The antipodals have multiplied, become 


approaching complete fusion. x 820. ( After Gerassimova-Navashina, 1954c.) 
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only chromatization, but no further 
changes are visible. Following this fourth 
division wave which, as we have seen it, 
never affects all the cells to an equal 
extent, all the nucleiof the embryo sac enter 
the resting state. Further activity of the 
cells will depend upon the act of fertili- 
zation. 

A strong prophase-like chromatization 
of the nuclei of the embryo sac may be 
seen in the drawings of some writers. 
Thus, Steffen (1951) shows an obvious 
“attempt” on the part of the polar 
nuclei of Impatiens to enter mitosis. He 
states that the change in nuclear structure 
occurring in the egg, synergids and polar 
nuclei, is attained in two steps: the typical 
resting chromocentral nucleus first assumes 
a prophase-like state but soon reverts to 
the chromocentral (resting) stage. It 
may be concluded that the nuclei of the 
embryo sac attempt to enter an additional 
division which, however, is never accom- 
plished. The importance of this abortive 
division probably lies in the fusion of 
the contacting polar nuclei into a single 
secondary nucleus. 

In tracing the development of the 
embryo sac we find that relatively simple 
but fundamental laws act in a definite 
situation arising in the ovule. They 
bring about the differentiation of a perfect 
mechanism which insures double ferti- 
lization and the events subsequent to it. 
By pursuing the subject to a greater length 
we might show that the distribution of 
nuclei, which obeys the laws considered 
above, inevitably gives rise to the pre- 
requisites for the differentiation of cells 
composing an embryo sac. Different ini- 
tial positions of the egg and the synergids 
as well as the position of the largest cell 
— the central cell of the embryo sac— 
stipulate differences in their development 
and subsequent functioning. As a result 
the synergids become organs which con- 
duct the discharged contents of the pollen 
tube into the space between the cells to be 
fertilized and generally lose their capacity 
for further development, only the egg cell 
and the central cell being able to develop 
under the influence of the materials dis- 
charged by the pollen tube. 

Special attention should be paid to the 
region between the joined or fused polar 
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nuclei and the egg, for it is there that the 
sperms ought to act. It has been stated 
since Strasburger’s time that a strand of 
dense cytoplasm is formed here. In good 
preparations this strand structurally re- 
sembles a secondary spindle and evidently 
owes its origin to an interaction between 
the two neighbouring nuclei and the cyto- 
plasm separating them (Fig. 10). It 
seems to me that this orderly orientation 
of the cytoplasm between the two female 
nuclei to be fertilized, which as we have 
already seen always arises between any 
adjacent nuclei, may well be taken to be 
the cause of the directed motion of the 
sperms. Sperms should undoubtedly meet 
the least resistance to their motion just 


Fic. 10 — The upper part of the embryo sac 
of Crepis capillaris. The cytoplasm of the 
central cell forms a “ nimbus ” radiating around 
the nucleus; the portion adjoining the egg cell 
reminds a mitotic spindle. This region may be 
termed “ the mitotic field ’’; the sperm pair is 
discharged here via one of the synergids (the 
synergids appear very short in this drawing as 
their lower ends were cut off in sectioning ). 
( After Gerassimova-Navashina, 1954c.) 
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in that direction which coincides with the 
orientation of the cytoplasmic medium, 
i.e. along the lines connecting the female 
nuclei; and this oriented cytoplasm be- 
longs to cells which are so intimately con- 
nected to each other. 

As to the source of movement of the 
sperms, it must be traced in my opinion 
to their mutual repulsion which is ex- 
tremely strong during their development 
( Figs. 3, 4) and is essentially a property 
peculiar to any pair of sister nuclei. 

This is the probable mechanism which 
makes one sperm proceed to the, nucleus 
of the egg cell and the other to the nucleus 
of the central cell, the two female nuclei 
occupying the poles of the spindle-like 
strand of cytoplasm where the sperms are 
brought in with the discharged contents 
of the pollen tube ( Figs. 11, 12). 

Our interpretation does not exclude the 
possibility that the sperms composing a 


Fic. 11 — Mitotic field of an embryo sac 
(diagrammatically marked by dotted lines ), in 
which the two sperms have just been discharged 


at its equatorial region. On the left side of the 
egg are the deeply stained contents released 
from the pollen tube. The female nuclei occupy 
the poles of the mitotic field. 
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Fic. 12 — The penetration of the sperms into 
the female nuclei follows a definite path. This 
is clear (in suitable sections ) from the relative 
positions of the smaller nucleoli of the sperms 
after they have gone into a resting stage within 
the female nuclei: they lie exactly opposite each 
other, as if they were occupying the two poles 
of the mitosis which gave rise to the two female 
nuclei (compare the positions of the sperms 
at the time of their fusion with the female nu- 
clei ( Fig. 14). 
1954c.) 


( After Gerassimova-Navashina, 


pair differ from each other, as had been 
supposed by S. G. Nawaschin. Moreover, 
it is quite possible that members of any 
pair of sister nuclei possess differences of 
this kind. Whatever the nature of these 
differences, I do not share the view that 
they could be of the “‘ mother-daughter ” 
or “ old-new ”’ type ( Kostriukova, 1951 ). 
Such a notion seems to be preconceived 
and in contradiction to many well known 
facts. 

Earlier ( Gerassimova-Navashina, 1933, 
1945a, b; 1947a, b, c, d; 1951a, b; 1952; 
1954b, c; 1955a, b; 1956; Gerassimova & 
Batygina, 1956) I have shown that the 
sperm passes through a complete mitotic 
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cycle during the time of its existence begin- 
ning with the division of the spermiogenic 
(generative ) cell and ending at fertiliza- 
tion, when the sperm enters a resting stage 
within the female cell. However, a criti- 
cal analysis of the observations made on 
various plants shows that the course of 
this cycle may be different according to 
the nature of the previous development of 
the sperm and depends also on conditions 
existing in the female cells. In this con- 
nection two main types of fertilization can 
be distinguished ( Gerassimova-Navashina, 
195la, b; 1954c; 1955a, b): postmitotic 
and premitotic. In the post-mitotic type 
( Fig. 13 ), which is typical of the Liliaceae 
and corresponds to the ‘ Ascaris type ” 
in animals, the final union or fusion of the 
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male and female nuclei is attained only 
after the commencement of the first 
mitosis in the zygote. The other type, 
quite appropriately termed as premitotic 
( Fig. 14), is distinguished by the fusion of 
the male and female nuclei ensuing im- 
mediately upon their coming into contact. 
It is peculiar to the Compositae, Gra- 
mineae and many other plant groups and 
corresponds to the “ Sea urchin type ”’ in 
animals. | 
The occurrence of the two types of 
fertilization is connected with the simple 
law stated above, namely, with the in- 
ability of resting nuclei to fuse with each 
other on account of their membranes se- 
parating them. Fusion can normally take © 
place only upon the dissolution of the 


Fic. 13 — Postmitotic type of fertilization as shown by Liliaceae (nuclear fusion occurs 


after the initiation of the zygotic mitosis ). 


After having approached the female nuclei the male ! 


nuclei go into a resting stage (a-e); fusion of the sex nuclei takes place only at the ensuing pro- 


phase of the first zygotic mitosis ( f-h ). 


a, f, after S. G. Nawaschin, 1910; b, e, after Mottier, 1898, 
1904; c, after Blackman & Welsford, 1913; d, after Weniger, 1918; g, h, after N 
( Reproduced from Gerassimova-Navashina, 1951b.) 


othnagel, 1918. 
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membranes, which is connected either 
with the initiation of mitosis (in the 
postmitotic type) or (in the premitotic 
type which is of wider distribution ) with 
a state of incomplete mitosis, which proves 
to be incompatible with the existence of a 
nuclear membrane, the latter being destroy- 
ed at the point of contact with the sperm. 

While the sperms generally reach the 
female cells in a state of an incomplete 
mitotic cycle, ( telophasic structures rich 
in deoxyribonucleic acid and possessing no 
nucleoli) (Gerassimova-Navashina, 1954- 
1956), the female cells, by the time of 
fertilization, always attain the state of 
mitotic rest. This conflict is released by 
the interaction between the two cells of 
opposite sex: under the influence of the 
resting female cell the sperm completes its 
mitotic cycle and falls into rest (appearance 
of nucleoli, despiralization, disappearance 
of deoxyribonucleic acid), either after 
having entered the female nucleus (as in 
the Compositae with premitotic type ) or 
before fusion (as in the majority of 
Liliaceae with postmitotic type ), whereas 
the female cell, under the influence of the 
active cytoplasm of the male “ fertilizing 
system ” goes out of rest. At any rate, 
after the completion of the mitotic cycle 
of the sperm, a new mitotic cycle — which 
already marks the initiation of embryo- 
genesis — starts in the zygote as a whole; 
this is especially visualized in the post- 
mitotic type of fertilization where both the 
sex nuclei simultaneously enter the mitotic 
prophase before their fusion. 

Between these two extreme types there 
naturally exist numerous transitions which 
deserve special study. One should also 
take into account the fact that the course 
of mitosis itself is different in different or- 
ganisms; this certainly introduces addi- 
tional diversity into the sequence of trans- 
formations shown by the sperms. How- 
ever, no adequate attention has yet been 
paid to the cyclic transformations of the 
sperms. Owing to lack of information, 
variation in the course of cyclic trans- 
formations within a single pair of sperms, 
caused by different surroundings existing 
in different female cells, is sometimes 
mistaken for a structural difference be- 
tween the two sperms, which has even 
been connected teleologically with their 
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different fate, i.e. with the notion that one 
of the two is destined to fertilize the egg 


cell and the other to fertilize the central | 
Moreover the cyclic transformations 


cell. 
of the sperms are not fully brought out in 


connection with mitotic phases, all the | 
more with a cellular cycle, although they | 
have occasionally received rather detailed | 
descriptions (see Blackman & Welsford, . 


1913; Sax, 1916, 1918; Nothnagel, 1918; 


Weniger, 1918; Madge, 1929; Hoare, 1934; . 
1954; Morrison, — 


Steffen, 1951; Kozlov, 

1955; Vazart, 1955). 
The ideas briefly outlined above re- 

present the essence of the cytological inter- 


pretation of the phenomena of double — 
fertilization as advanced by the present | 
writer ten years ago in her “‘ mitotic hypo- » 
thesis’ (Gerassimova-Navashina, 1947d ). — 


Naturally additional data are still desir- 
able; however, in the vast literature 


on fertilization there is plenty of descrip- | 


tive information supporting the principles 
underlying this hypothesis. 

As regards the stimulus which makes the 
fertilized female cells develop, it probably 
originates from the cytoplasm of the male 
fertilizing system which consists mainly 


of the living and highly active contents of : 


the pollen tube ( Gerassimova-Navashina 
1951a, b; 1952; Navashin, Gerassimova- 
Navashina & Yakovlev, 1952). In support 
of this may be cited the well known experi- 
ments on the induction of haploid par- 
thenogenesis by the application of foreign 
pollen or by pollen whose sperms had been 
killed by X-rays. 

The material studied by me ( Com- 
positae ) shows that before entering the 
first cleavage the fertilized egg undergoes 
a period of vigorous growth which is most 
probably the result of the action of the 
contents of the pollen tube; cleavage 
should, therefore, be regarded as a con- 
sequence of this growth ( Gerassimova- 
Navashina, 1951b, 1952, 1954c). The 
reality of such a pronounced growth of the 
zygote occurring prior to its division is 
also supported by the observations of 
numerous workers. 

The initial cytoplasm of the sperms, 
( “ proper cytoplasm ” ) which is received 
from the spermiogenic ( generative ) cell, 
is sometimes ( Compositae ) so scarce as 


to escape detection and cannot thus be! 


| 
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regarded as a factor of any great physio- 
logical importance; there is even less justi- 
fication for attributing to it any special 
rôle by designating it as ‘‘ generative ” or 
“sex” plasm to be regarded as funda- 
mentally different from the “ vegetative ” 
plasm forming the bulk of the living 
contents of the pollen tube. The main 
function of the “ proper ”’ cytoplasm seems 
to be that by the presence of this inter- 
vening layer of a different nature directly 
surrounding the sperms a certain degree 
of autonomy is attained in their develop- 
ment. This point has also been mentioned 
by some previous writers ( Trankowsky, 
1938). Otherwise the sperms would un- 
doubtedly come into a state characteristic 
of the siphonogenic ( vegetative ) cell with 
its large resting nucleus, which secures 
the vitality of the whole system. The 
conclusion on the importance of the ferti- 
lizing function of the male cytoplasm of 
the pollen tube is supported by the fact 
that many pollen tubes penetrating into a 
single embryo sac stimulate the develop- 
ment of the fruit and of the seed ( Gerassi- 
mova-Navashina, 1952). 

An analysis of the situation existing in 
parthenogenetic plants, where the develop- 
ment of the egg and the endosperm takes 
place under a complete or partial break- 
down of sexuality, is of great interest in 
connection with a cytological analysis of 
the problem of fertilization. It has been 
"shown in certain parthenogenetic plants 
that their female reproductive cells do not 
go into a resting stage when the embryo 
sac attains maturity, but directly proceed 
to embryogenesis. In some of them em- 
bryos and endosperm are already found 
before anthesis, i.e. in the bud stage. A 
study of the causation of this remarkable 
phenomenon would undoubtedly be of 
great importance for an elucidation of the 
physiological essence of fertilization, i.e. of 
the nature of the stimulus received by the 
female cell. 

Of special interest in this connection is 
the so-called semigamy known to occur 
among apomicts ( Pace, 1913; Battaglia, 
1946, 1947). In spite of the fact that 
‘sperms penetrate into the egg cells, no 
actual fusion takes place here, obviously 
owing to a repulsion between the sperm 
nucleus and the female nucleus. This may 
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clearly be deduced from the illustrations 
presented by these authors. These facts 
support our assumption that a fusion of 
the sex nuclei is the result of a kind of 
decline or depression of mitotic activity; 
otherwise there should always exist a 
mutual repulsion of the sex nuclei, and 
this is just the case in semigamy which is 
characterized by continued mitotic acti- 
vity of the female cells which do not enter 
any resting stage. By the way, semigamy 
is of still further interest with regard to 
the problem of the nature of the union of 
sex nuclei. If there existed any “ sexual 
attraction ”, one can hardly understand 
why it should be suspended in cases of 
semigamy. 

One may think that the premitotic type 
of fertilization, where the sperm arrives 
at the embryo sac in the form of a compact 
telophasic nucleus which is immediately 
able to destroy the membrane of the female 
nucleus and to penetrate into the latter 
before division, should be more widely 
distributed, since it provides a better 
opportunity for a secure formation of the 
fusion nuclei, even if the female cells re- 
tain some mitotic activity. On the other 
hand, the postmitotic type, where the two 
pronuclei although lying side by side 
follow a course of their own, and can fuse 
only during the ensuing division, brings 
some uncertainty with it, for the male 
and female nuclei may repel each other 
with the arrival of the first mitosis. To 
put it differently, fertilization and em- 
bryogeny may here come into conflict, 
since a high mitotic activity which is neces- 
sary for cleavage would in this case hin- 
der nuclear fusion. As a matter of fact 
(among plants, at least) the premitotic 
type is of wider occurrence; so far as I am 
aware, it is invariably found in Algae, 
Hepaticae, Musci and Pteridophyta. With 
the postmitotic type, moreover, often no 
real union of sex nuclei is attained at the 
first cleavage mitosis and the dividing 
zygotic nucleus, therefore, exhibits gono- 
mery. The male and female component 
chromosomes repel each other, the pheno- 
menon often persisting over several cell 
generations ( Gymnospermae ). 

The cytological evidence presented 
above, though incomplete, makes it clear 
that the process of fertilization is largely 


» 
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based upon the same phenomena which 
make up an ordinary mitotic cycle. The 
main difference lies in the fact that the 
mitotic cycle is passed here under special 
physiological conditions. Moreover, it is 
singularly distributed in space and time, 
the latter circumstance providing the 
means for a realization of the perfect form 
of fertilization which is specifically char- 
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MORPHOLOGY, GROWTH-HABIT, AND CLASSIFICATION 
IN THE FAMILY GLEICHENIACEAE 


R. E. HOLTTUM 
80 Mortlake Road, Kew Gardens, Richmond, Surrey, England 


Introductory 


This family of ferns has been so much 
discussed, by many authors, that one 
might think another statement on its 
morphology to be superfluous. Most of 
the previous statements have, however, 
been devoted to limited aspects of the 
subject, and some of them contain errors 
which have been repeatedly copied ( nota- 
bly that sori are terminal on the veins 
in Gleichenia, and that spores are all 
trilete in the species allied to Dicranop- 
terts linearis ), or partial statements which 
are subject to misinterpretation ( notably 
that Dicranopteris has only hairs as dermal 
appendages, the rest of the family having 
scales ). The complex branching patterns 
of fronds have often not been carefully 
described, and their inter-relationships 
have never been fully discussed; nor have 
I seen a discussion on the biological signi- 
ficance of periodic dormancy in the fronds 
of this family. There has also been con- 
fusion of nomenclature, in part due to 
varying use of the names Mertensia and 
Dicranopteris, and to misinterpretation of 
the name Hicriopterts. 

A summary of facts regarding basic 
frond-form and venation in the various 
parts of the family is presented in Fig. 1. 
The generic and subgeneric names used 
in the legend to this figure are those 
adopted by me as a result of a new taxo- 
nomic study of the family for Flora Male- 
siana ( Holttum, 1957b), in which a full 
taxonomic statement, with references to 
relevant literature, is given. A statement 
showing the relation of these names to 
those used by Diels ( 1900) and Copeland 
(1947) is given in Table 1. The genus 
Platyzoma, long included in the family 
and even incorporated by Christ and Diels 
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in the genus Gleichenia, is excluded from 
the family; I have discussed the reasons 
for this elsewhere ( Holttum, 1957a ). 


The Genus Stromatopteris ( Fig. 1A ) 


This genus has a peculiar growth-habit « 


(for the fullest published reports, see 
Thompson, 1917 and Compton, 1922, 
p. 453). The horizontal rhizome, 8-10 


cm below the surface of the ground, bears 
“erect branches which fork repeatedly in 
an irregular fashion ” (Compton), the 
fronds being borne on these branches, 
which are protostelic and are described as 
follows by Thompson (p. 152). “ The 
lower portions of the axis show dicho- : 
tomous branching, but suppressions may 
occur, leading towards complete abortion 
of a branch. The leaves are developed 
distally on the branch-system, and are 
produced single on a branch or in small 
numbers. The development of the leaf is 
accomplished by the arrest and displace- 
ment of the supporting axis, and the 
dominating leaf may thus appear to be a 
direct upward continuation of the axis.” 
This arrest of growth of the apex of an 
erect rhizome-branch may be compared 
to the arrest of growth which is universal 
in the system of leaf-branching in the other 
genera of the family. 

The fronds of Stromatopteris are un- 
branched, the axis bearing a deeply lobed 
lamina on each side, the ‘individual lobes 
small, comparable with those of Gleichenia 
subgenus Gleichenia, but somewhat larger 
and with forked veins. The sori are super- 
ficial, on both branches of a vein, and the 
sporangia are essentially like those of. 
Gleichenia. The spores are monolete, 
though erroneously reported as trilete by 
Nakai ( 1950). | 


Fic. 1 —- Diagrams showing branching of leaves, forms of leaflets and venation, in the various 


divisions of the family Gleicheniaceae. 


and paraphyses x 20. B, Gleichenia 


subgenus Mertensia. 
erygium. 


The dermal appendages of Stromatop- 
Leris differ from those of the rest of the 
family. On the rhizome-branches are 
long rigid simple hairs, and also non- 
peltate scales with the surface of each cell 
thickened and convex (Fig. 14). The 


A, Stromatopteris, with drawings of a rhizome-scale x 14 
subgenus 
Gleichenia ( position of attachment of sorus is shown by spot on soriferous vein ). 
E, Dicranopteris subgenus Dicranopteris. 


Diplopterygium. C, Gleichenia subgenus 
D, Gleichenia 


F, Dicranopteris subgenus Acrop- 


only dermal appendages on the mature 
fronds are irregular-shaped paraphyses in 
the sori; these are small scales with out- 
growths from the marginal cells, and 
the simplest of them may be compared 
with the stellate hairs of Gleichenia. The 


TABLE 1 — COMPARISON OF TAXONOMIC ARRANGEMENTS OF DIELS, 
COPELAND AND HOLTTUM 


Diets, 1900 COPELAND, 1947 Horittum, 1957 
Subfam. Gleichenioideae 
Gleichenia Gleichenia Gleichenia 
subg. Eu-Gleichenia subg. Gleichenia 
subg. Mertensia 
sect. Diplopterygium Hicriopteris subg. Diplopterygium 
sect. Holopterygium Sticherus subg. Mertensia 
sect. Heteropterygium Dicranopteris Dicranopteris 
subg. Dicranopteris 
sect. Acropterygium Dicranopteris subg. Acropterygium 
subg. Platyzoma Platyzoma (excluded from family ) 
Subfam. Stromatopteridoideae 
Stromatopteris Stromatopteris Stromatopteris 


00 
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hairs and scales of the rhizome remind 
me of the hairs and scales of fronds 
and rhizome of Grammitis and related 
genera. 

Thus Stromatopteris is peculiar in the 
erect rhizome-branches in frond-form and 
in dermal appendages. I consider Nakai 
justified in separating it in a distinct sub- 
family. It is isolated geographically and 
reduced in vegetative form, and may well 
be the last survivor of a distinct branch 
of the family. I wonder whether it may 
have the same kind of relation to Grammi- 
tis that Dipteris has to Polypodium ( Holt- 
tum, 1947). 


Dermal Appendages in Subfamily 
Gleichenioideae 


STELLATE HAIRS AND FRINGED 
SCALES — These occur almost universally 
in the genus Gleichenia as here understood 
(in G. laevissima Chr., stellate hairs are 
confined to the sori and the scales are not 
appreciably fringed ). Stellate hairs ( Fig. 
2A ) are apparently formed by a few suc- 
cessive divisions of an initial cell, each 
cell so formed producing an outgrowth 
which forms one of the rays of the hair. 
There is no sharp distinction between a 
hair of this type and a small peltate scale 
which has an outgrowth from each mar- 
ginal cell, and so by gradual transition 
fairly large fringed scales may be formed. 
The outgrowths forming the fringe may 
be short and rigid or long and flexuous 
( Figs. 2B, C, D). In almost all species 
of Gleichenia (of all subgenera equally ) 
stellate hairs and fringed scales of various 
sizes occur on all parts of young fronds, 
though they are more numerous and more 
persistent in some species than in others. 

The scales, though peltate at the base, 
are usually elongate with an acuminate 
apex, and this apex often consists of a 
single row of cells. In some species 
(notably in G. hispida Mett.) this hair-tip 
is much elongate (Fig. 2B), the flat and 
fringed part of the scale much reduced. 
This may perhaps have been the starting- 
point for the peculiar hairs of Dicranop- 
teris. 

HAIRS OF DICRANOPTERIS — It is com- 
monly stated that Dicranopteris linearis, 
though specialized in its mode of branch- 
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ing and in its sori of many sporangia, is 
primitive in having only hairs as dermal 
appendages. These hairs, however, are by 


no means simple structures, and they … 


differ from the stellate hairs of Gleichenia. 

The larger hairs which occur on the 
dormant rachis-apex in Dicranopteris con- 
sist of a rigidly cylindrical row of cells, 
with several branches at the base, these 
branches usually consisting of several cells 
(Fig. 2E). The base is in part rather 
massive, not hair-like. Smaller and less 
rigid (sometimes twisted) hairs on the 
lower surface of the midribs of lamina- 
lobes of some species have an outgrowth 
from one cell just above the base ( Fig. 
2F ), or from a few cells (Fig. 2G). In 
other cases the cells are more slender and 


flexuous, often intertwined (an extreme « 
case is shown in Fig. 27 ); such hairs have | 
outgrowths from cells above the base, — 


sometimes from every cell (Fig. 27). 


These might be compared to fringed scales | 


of Gleichenia which are reduced to one row 
of cells ( but it should be noted that the 
hair-tip of Gleichenia hispida does not have 
such outgrowths ). 
said that the hairs of Dicranopteris are not 


direct developments from stellate hairs » 


of the type found in Gleichenia, and it 
seems to me more probable that they in- 
dicate an origin by some sort of reduction 
from the scales of Gleichenia. One may, 
therefore, picture Dicranopteris as having 
evolved from a primitive type of Glei- 
chenia which was already scaly (in my 
view, from something like the present-day 
representatives of the subgenus Diplop- 
terygium ). 


Sori and Their Relation to Veins 


Presl (1836) stated that in Gleichenia 


( subgenus Gieichenia of the present paper) . 
the sori are terminal on the veins, whereas © 
in other members of the family they are 
In this he was copied by” 
other authors, including Diels (1900), . 
Underwood (1907) and Nakai (1950), 
who all made this character a principal! 


not terminal. 


basis of distinction. But a careful exami- 


nation of cleared fronds of Gleichenia vul- - 
canica Bl., G. microphylla R.Br. and G. . 


dicarpa R.Br. shows that the sori are in 


fact not terminal (Fig. 1C). They are 


At least it may be” 
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certainly near the end of the veins; but 
the veins are very short, owing to the small 
size of the lobes of the lamina, and the 
relative position of the sorus does not 
differ from that of members of the family 
which have larger lobes of the lamina. 
If we remove this supposed difference, 
it is clear that there are two types of sorus 
in the subfamily, namely those with 2-4 
(less frequently 5) large sporangia, and 
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those with 8-15 or more smaller sporangia 
( which still contain more than 200 spores ), 
In the latter case some sporangia lie on 
top of the others, as illustrated by Bower 
( 1926, Figs. 486-488, pp. 204, 205). A 
division on this basis separates Gleichenia 
of the present paper from Dicranopteris. 
Furthermore, in Gleichenia the veins are 
either simple (subgenus Gleichenia) or 
once forked, whereas in Dicranopteris they 


Fic. 2 — Drawings of hairs and scales: cells of attachment to leaf, where shown, are cross- 


D 


latched. A, stellate hair of Gleichenia longissima 
>, scale from rachis-apex of G. truncata ( Willd.) Spr. ‘ 
+, Dicranopteris curranii Copel. hair from dormant apex of main rachis. 
Vakai, hairs from lower surface of costules of leaf. 


Yakai, hair from lower surface of costule. 
ostule. 
ll. x 75 except C. 


Bl. B, scale from rachis of G. hispida Mett. 
X 25. D, part of edge of C, to show cells. 
F, G, D. pubigera ( Bl.) 
H, D. linearis var. subferruginea ( Hieron.) 


I, D. linearis, typical form, hair from lower surface of 
J, D. linearis var. subspeciosa Holtt. part of hair (whole is more than twice as long ). 
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are 2-4 times forked. Thus dermal ap- 
pendages and sori both indicate the same 
basic division into two groups, and it seems 
to me best to regard these groups és genera. 

It should be noted, however, that fossils 
from Greenland of Cretaceous age, having 
the frond-form of Gleichenia subgenus 
Diplopterygium, had many sporangia in a 
sorus (Tutin, 1932). No such species 
exist today. It may be that these fossils 
were stages in the evolution of other 
sections of the family, or even of new 
families. What is certain is that Glei- 
chenia subgenus Diplopterygium, as it 
exists today, exhibits in sori and in frond- 
form structures which may be regard- 
ed as primitive in the family Gleichenia- 
ceae. 


Spores 


The spores of Stromatopteris, of Glei- 
chenia subgenus Mertensia ( Sticherus of 
Copeland ), and of Dicranopteris subgenus 
Acropterygium are monolete. It is com- 
monly stated that in the rest of the family 
all species have trilete spores; but in fact 
some species of Dicranopleris, which have 
in the past been ranked as varieties of the 
common and polymorphic species D. linea- 
ris, have monolete spores. Nakai ( 1950) 
proposed to put the genera with monolete 
spores in a distinct subfamily. Other 
characters would indicate this to be an 
unnatural arrangement, and the discovery 
( Holttum, 1957b) of monolete spores in 
Dicranopteris pubigera ( Bl.) Nakai and in 
D. currant Copel. ( both closely similar in 
every way to D. linearis) confirms that 
shape of spore is not a basic character in 
the classification of the family. 


Branching Pattern of Fronds 


The fronds of Stromatopteris are un- 
branched, and I regard them as specia- 
lized and reduced. In the rest of the 
family, with few exceptions which are 
clearly reduced and usually related to 
poor edaphic conditions, the fronds are 
branched, often in a complex manner. 
The subgenera of Gleichenia are distin- 
guished from each other principally by their 
branch-patterns; the matter is further 
complicated by the fact that branching 
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in Dicranopteris presents some resem- 
blances to that in Gleichenia subgenus 
Mertensia. In my work on the ferns of 
Malaya ( Holttum, 1955, p. 62) I have 
given a set of diagrams, and have indicated 
the condition of Gleichenia subgenus D1p- 
lopterygium ( Fig. 1B of present paper ) as 
primitive, the other two subgenera and 
Dicranopteris derived from it. In the 
present paper I wish to present this idea 
more fully, and to indicate that Dicranop- 
teris (Figs. 1E, F) can be regarded as a 
separate development from the conditions 
of subgenus Diplopterygium, a develop- 
ment in some respects similar to that of 
subgenus Mertensia (Fig. 1D) but cer- 
tainly distinct. 

SoME Basic IDEAS ON FROND DEVELOP- 
MENT — The frond-character which all 
members of subfamily Gleichenioideae 
have in common is a periodic dormancy of 
the apex of the main rachis. Besides this 
periodic dormancy, there is also, in most 
cases, a permanent dormancy of apices of 
secondary and lateral branchings. The 
ordinary terminology used to describe fern- 
leaves cannot be applied conveniently to 
the complex patterns so derived. The 
commonest form of branching is usually 
a false dichotomy; one needs then to dis- 
tinguish between a true dichotomy, a 
false dichotomy, and pinnate branch- 
ing. Some discussion of this subject is, 
therefore, necessary before proceeding fur- 
ther. 

Some authors ( e.g. Hirmer & Hoerham- 
mer, 1936) write as if there were a sharp 
distinction between dichotomous ( or sym- 
podial) and pinnate (or monopodial ) 
branching of fronds. In fact, however, 
it is impossible to make a sharp distinction 
between the two conditions. Many pri- 
mitive plants, of various kinds, branch in 
a dichotomous manner, and it is generally 
agreed that this is the most primitive mode 
of branching; either the first ferns, or their 
ancestors, which were not yet ferns, must 
have branched in this way. The next 
stage is a dichotomy in which one branch 
is stronger than the other. Such additional 
strength may be due to some casual en- 
vironmental condition; but its regular 
development must be due to the presence 
of a controlling mechanism whereby the 
larger branch keeps the other in check, so © 
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that the smaller branch is limited in 
growth, further growth of the frond being 
due to the activity of the larger one. If 
there is such a control ( which is essen- 
tially an advance on an equal dichotomy 
with no control mechanism ), we can have 
two kinds of branch-patterns. If the 
larger branch is alternatively to left and 
right at successive forks, we have in effect 
a pinnate form of branching, though the 
final stage is still lacking ( Fig. 34). If 
the larger branch is always on the same 
side (Fig. 3B), we have the kind of 
branching shown by the main axes of the 
leaf of Dipteris conjugata (in this case, 
there must first be an equal or subequal 
dichotomy; if subequal, as in Matonia 
and shown in Fig. 3C, the larger branch 
may occupy an effectively terminal posi- 
tion). The latter type of branching does 
not occur in any living member of the 
family Gleicheniaceae, and it had a very 
limited development among other ferns. 
It is notable that in the genus Phanero- 
sorus of the family Matoniaceae a form of 
pinnate branching, with dormancy of some 
apices, occurs. The family Schizaeaceae 
is also interesting because it retains, in the 
primary branching of the fronds of some 
of its members, an almost equal dicho- 
tomous arrangement ( Schizaea dichotoma, 
young plants of Lygodium) while in the 
fronds of fully grown Lygodium it has a 
condition half-way to that of a pinnate 
leaf, and in Mohna a fully pinnate 
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condition. A further comparison of these 
families with Gleichenia will be found in a 
later section of this paper. 

The step from alternate unequal dicho- 
tomies to the pinnate condition merely 
involves the growth of the larger member 
at each fork in the same line as its prede- 
cessor ( Fig. 3D ); in many fern-leaves this 
line becomes sinuous near the apex of the 
frond, while very commonly the branch- 
ings of the ultimate veins are almost 
equally dichotomous. When larger mem- 
bers of successive forks are in a straight 
line, the smaller members appear as lateral 
branches on either side of the line; the 
branching is then called pinnate or mono- 
podial, though in origin it is dichotomous 
or sympodial. One further possible stage 
of evolution is for pairs of these lateral 
branches to be opposite each other ( or so 
close as to be apparently opposite ); for 
this to occur, the large branch at succes- 
sive forks must be alternately very short, 
and then long (Fig. 3E). Not many 
ferns have the branches (pinnae) in 
strictly opposite pairs. The behaviour 
of Gleichenia, in the dormancy of the main 
axis after a pair of such lateral branches 
have been formed, has resulted in the regu- 
lar production of apparently opposite 
pairs of branches, not only of the first 
order, but of several further orders. That 
the pairs of branches are in fact due to 
successive close divisions of the main axis 
can be seen clearly in G. boryi Kze (a 


Wats + 


Fic. 3 — Types of branching of main axes of fern fronds. A, unequal dichotomy with larger 


branch alternately to left and right. 
side. C, branching in Matonia pectinata. 
pinnae in almost opposite pairs. 


B, unequal dichotomy with larger branch always on same 
D, pinnate branching. 


E, pinnate branching with 
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species of subgenus Gleichenia from the 
Mascarene Islands ) in which members of 
a pair are often not opposite; and it has 
been detected anatomically in other species 
by Chrysler ( 1943, p. 743), who wrote: 
“the anatomy of the vascular axis... is 
interpreted as two dichotomies closely 
following each other ” 

In a paper entitled “ Types of foliar 
dichotomy in living ferns” (1952), 
Wagner attempts to distinguish four types 
of dichotomy, and concludes “ that all the 
different types appear actually to be modi- 
fications of ancestral pinnately organized 
leaves’’. I would agree that the conclu- 
sion is justified in some of the cases men- 
tioned by Wagner (e.g. Adiantum peda- 
tum), but I cannot see the logical neces- 
sity that all must have had the same origin, 
nor do I think that Wagner’s four classes 
are clearly defined. He states (p. 581) 
that “ the leaf of Dipteris differs from that 
of Matonia in basic plan’, because 
““Matonia has a middle pinna and is, 
therefore, not dichotomous’. But if one 
regards the middle pinna of a Matonia 
frond as one branch of a slightly unequal 
dichotomy ( Fig. 3C ), the only difference 
in basic plan between Dipteris and Matonia 
is that the adjacent axes resulting from 
the first dichotomy in Dipteris are shorter 
than later ones, in Matonia longer. The 
Matonia type of frond, as that of Dipteris 
( with elaborately reticulate venation fill- 
ing in the space between the main branches) 
is an ancient one, as shown by fossils, and 
none of the modern Pteroid ferns have a 
strictly comparable pattern of vein- 
branching (I have not seen the reference 
to Troll cited by Wagner). No simple 
transition from a pinnate condition to the 
Matonia type of branching is possible; one 
has to go back to the beginning and start 
ae process of frond-building on a different 
ine. 

BRANCHING IN GLEICHENIA SUBGENUS 
DIPLOPTERYGIUM — What then is the 
simplest type of leaf-branching in the 
genus Gleichenta? Clearly, that found in 
G. glauca ( Thunb.) Hk. and its allies, 
which form the subgenus Diplopterygium 
(Fig. 1B)._ If we take a frond of G. 
glauca which has produced two or three 
pairs of primary branches, it is closely 
similar in form (apart from the nearly 
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opposite position of the branches ) to the 
lower part of a large frond of Cyathea. 
The shape of the leaflets and their venation 
are closely similar; and the scales of 
Cyathea squamulata ( Bl.) Copel. and its 
allies are like Gleichenia scales in the out- 
growths from their marginal cells. The 
great difference between the fronds of 
G. glauca and of Cyathea is that the Glei- 
chenia frond goes on growing in length 
indefinitely, the leader resting while each 
pair of branches develops, whereas the 
Cyathea frond has a definite end to its 
growth, with a completed apex, and the 
growth takes place in a continuous process 
(fronds of very young plants of G. glauca 
do complete their growth, and are thus 
closely similar to fronds of young plants 
of Cyathea; see Fig. 5A). If one looks at 
Gleichenia boryi, one finds fronds of small 
size (lamina 12-15 cm long on a fully 
developed plant) which are very like 
Cyathea in shape, as they cease growth 
after a time; in most cases these fronds 
have a dormant apex between the distal 
pair of pinnae, but an occasional frond 
produces a completed apical lamina like 
that of Cyathea but of miniature size. As 
its pairs of branches are often not quite 
opposite, a leaf of G. boryi looks as if it 
grows to its full size without intermittent 
rest, and this may be a reversion, con- 
nected with its small size. 

In the subgenus. Diplopterygium, the 
only dormancy is of the leading axis, and 
it is periodic. If this dormancy did not 
occur, G. glauca would have a leaf exactly 
like Cyathea, but on a slender creeping 
rhizome. I suggest that the ferns from 
which Gleichenia evolved were Cyathea- 
like in frond-form, and that G. glauca 
shows the first stage in specialization, 
namely the periodic dormancy of the 
branch which is to continue the growth 
of the frond. 

PERIODIC DORMANCY — This has several 
advantages. It enables the plant to put 
all its resources into the building of a 
single stage of growth, and when that is 
completed and conditions for further 
growth are again favourable, to proceed 
to another stage. This means that each 
pair of branches can grow to a larger size 
than they could if part of the food avail- — 
able had to go to more distal parts of a 
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frond. In an equatorial climate, the pro- 
cess also permits the indefinite continua- 
tion in length of a frond; the lowest 
branch-pairs may die and decay while 
new ones are being added higher up, the 
limiting factor being the amount of water 
which can pass up the rachis (and the 
continued unimpaired activity of roots 
and of the vascular tissue generally ). 
Such growth permits the formation of 
thickets in open places; it also permits of 
climbing by using the support of larger 
plants in the same way that a slender 
bamboo can climb. A dormant apex, 
renewing its growth, produces first an 
erect continuation of the main rachis 
(this may be 60-120 cm long in a large 
frond of G. truncata) before the new pair 
of branches begin to develop. This erect 
growth can pass between branches of 
trees or other plants, and the new pair of 
frond-branches, when produced, will rest 
upon such tree-branches, and so the frond 
will have support for further climbing. 
Both G. truncata and varieties of Dieranop- 
teris linearis produce fronds which may 
climb to a considerable height (30 m or 
more), especially on forest edges. As 
noted below, species of Gleichenia subgenus 
Diplopterygium, though they form dense 
thickets, are less efficient as climbers than 
species of subgenus Mertensia (to which 
G. truncata belongs) and of Dicranopteris. 

Periodic dormancy has also developed 
in another genus of thicket-forming ferns, 
namely Hypolepis, but not so uniform- 
ly as in Gleicheniaceae. In the Malay 
Peninsula there are three species of Hypo- 
lepis. The fronds of H. punctata ( Thunb.) 
Mett. show no periodic dormancy; in those 
of H. brooksiae v.A.v.R. the apex is dor- 
mant during the growth of each successive 
pair of branches, as in Gleichenia; in H. 
bivalvis v.A.v.R. the main branches are 
alternate, and the apex (i.e. the larger 
branch at a fork ) remains dormant while 
one single branch develops. . 

COMMON CHARACTERS OF SUBGENERA 
GLEICHENIA AND DIPLOPTERYGIUM — The 
fronds in subgenus Gleichenia (Fig. 1C ) 
have exactly the same branching pattern 
as those of Diplopterygium. The only 
difference is that the lobes of the leaflets 
of the former are much reduced, and in 
general the whole size of the frond is also 
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reduced. These plants grow in less favour- 
able conditions than those of Diploptery- 
gium. They occur in dry or cool regions, 
and in Malaya on mineral-deficient soils . 
or in Sphagnum bogs on high mountain 
ridges. It seems probable that reduction 
in lamina-size (i.e. size of lobes) is an 
adaptation to unfavourable conditions. 
Small lobes have a reduced vein-comple- 
ment, and there is only one sorus, on the 
vein nearest the costa, instead of several 
sori on vein-branches nearest the costule, 
as in Diplopterygium. 

The close similarity of frond-form in 
the two subgenera has not been generally 
recognized, partly because most authors 
have been impressed by the apparent 
separation of the two owing to the position 
of the sorus, whether terminal on its vein - 
or not, a difference which in fact does not 
exist; also by the fact that in subgenus 
Gleichenia there is one sorus to each lobe, 
while in Diplopterygium several. Chrysler 
(1944) suggests a phyletic scheme which 
separates the two subgenera completely. 
But it seems to me that fossils from Green- 
land bridge the gap between the two. 
Heer (1875, 42-55, with accompanying 
plates ) divided fossil species of Gleichenia 
from the arctic into three groups: Merten- 
sta with several sori on a leaf-lobe, Didy- 
mosorus with two sori, and Eu-Gleichenia 
with one sorus. Those called Mertensia 
have either the exact frond-form and vena- 
tion of the subgenus Diplopterveium, or 
the primary branches each produce a pair 
of secondary branches ( of exactly the same 
pattern as the primary ones) with a 
dormant apex between them, as occurs 
not uncommonly in living members of the 
subgenus Gleichenia. Heer’s Didymosorus 
may (at least in part) be regarded as a 
transition stage between subgenera Dip- 
lopterygium and Gleichenia (e.g. his G. 
gracilis, p. 52 and taf. X. 1-11). He notes 
that the arctic fossil members of his group 
Mertensia apparently have the sori sunken 
in small cavities in the leaf-surface ( as in 
some members of subgenus Gleichenta 
today ); the arctic fossil species are dis- 
tinctly smaller than those of the existing 
tropical members of Diplopterygium. In 
all these ways the arctic fossils bridge the 
gap between the two subgenera as existing 
today; and it may be significant that there 
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are no cretaceous fossils representing the 
other living subgenus, which has a more 
complex branch-pattern. The existence 
of these relatively primitive Gleichenia- 
ceae in the arctic is hardly consonant with 
Copeland’s statement that the family 
Gleicheniaceae is ‘‘ obviously and entirely 
of antarctic ancestry ” ( 1947, p. 26). 

Seward ( 1926) has given a more critical 
description of some of the same species 
dealt with by Heer, based on fossils from 
the same region. He refers the species 
to the genus Gleichenttes ( not being con- 
vinced that they are congeneric with 
existing members of the family). His 
drawings show that the venation of G. 
porsildii is exactly like that of the present- 
day subgenus Diplopterygium, and the 
sporangia are of Gleichenia type, but there 
were 40-50 in a sorus ( Tutin, 1932). 
Seward’s Gleichenites nordenskioldii how- 
ever has separate leaflets ( with basal lobe 
overlapping the.axis ) instead of laminae 
attached by their whole base, and in this 
differs from all living members of the 
family; Seward further states that “no 
dichotomously branched rachis was found 
in connection with the pinnae””. It is, 
therefore, doubtful whether this species 
belongs to this family of ferns ( Heer 
placed it in his section Didymosorus ). 

Tutin later (1932) described micro- 
scopic features of some of the fossils in- 
cluded in Gleichenites gieseckiana by 
Seward. These have lamina and venation 
as in Gleichenia subgenus Diplopterygium, 
but very small leaflet-lobes, and the sori 
are crowded. There are also many spo- 
rangia ( 10-40) in a sorus, and only 18-26 
spores in a sporangium. No leaflets were 
found attached to forking rachises, though 
such rachises were abundant in the same 
matrix. Tutin proposed a new genus 
Gleicheniopsis for these fossils, but he did 
not see the structure of a sporangium, 
and as connection with a pseudo-dicho- 
tomous rachis was not established, the 
ascription to Gleicheniaceae is uncertain. 
It is much to be hoped that more precise 
information about these fossils will be 
obtained, in particular as regards dermal 
appendages. 

PERMANENT DORMANCY OF BRANCHES 
IN SUBGENUS GLEICHENIA — Considera- 
tion of these arctic fossils, and of living 
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members of the subgenus Gleichenia, leads 
to the question of dormancy, whether 
temporary or permanent, of branches 
other than those which will continue the 
growth of the main axis of the frond. In 
the majority of cases such dormancy is 
permanent; but an apex which would 
normally be permanently dormant may 
be stimulated to activity if some other 
part of the frond, which would normally 
continue the growth-pattern, is injured or 
removed. We will not consider such res- 
ponses to injury, and will continue the 
discussion only of normal uninjured fronds. 
Even in such fronds, dormant apices in a 
particular position (especially in certain 
species) may resume growth or may 
remain permanently dormant, and the 
conditions which determine one behaviour 
or the other are unknown. 

In the subgenus Gleichenia the early 
fronds on a young plant are simply pin- 
nate, the form of each being like that of 
a primary branch on a later frond ( Fig. 
4A). In very exposed places this stage 
may continue for some time. The next 
stage often is for the frond, after bearing 
some lateral leaflets, to produce a pair 
of lateral branches, each with similar leaf- 
lets, and a dormant apex between them 
(Fig.4B). The next stage is for the main 
axis of the frond to bear no leaflets, but 
to produce a succession of pairs of branches 


each branch bearing leaflets and growing — 


to end in a complete lamina (Fig. 4C ). 
In later fronds the primary branches may 
branch again, each producing a pair of 
secondary branches with a dormant apex 
between them ( Fig. 4D). All these stages 
can be seen in G. vulcanica Bl., in spite of 
Nakai’s statement that it has fronds 
simple or once forked ( 1950, p. 42). 
further kinds of complication are possible, 
and may be observed in G. microphylla 
R. Br. ( possibly also in other species ). 
The secondary branches in turn may bear 
pairs of tertiary branches with dormant 
apices between them, and the tertiary 
branches may even have pairs of the 
fourth order (Fig. 4E). In addition to 
this, the dormant apex at a secondary 
fork may resume growth (or may conti- 
nue growth without dormancy; it is not 
easy to judge from herbarium specimens 
and I have never observed a living plant 
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Fic. 4 — A-F, various stages of branching-pattern which may be produced in succession by 


a developing plant of Gleichenia subgenus Gleichenia. 
G, G. truncata ( Willd.) Spr. 
K, development of pseudo-pinnate branching in Dicranopteris. 


chenia subgenus Mertensia. 


Holtt. K, D. speciosa ( Presl) Holtt. 


behaving in this way ) and so add another 
complication to the branching system 
(Fig. 4F). 

At this stage, therefore, we can propose 
a terminology for the purpose of describ- 
ing these fronds. Though the main axis 
of the frond is due to a succession of di- 
chotomies, it is in effect a single structure 
and may be called a rachis for practical 
purposes. Regarding this rachis as a 
unity ( though of composite or sympodial 
evolutionary origin ) we may call the pairs 
of branches which it bears primary rachis- 
branches (or branches of the first order). 
Such branches only, and no others, are 
produced by subgenus Diplopterygium. 
When a primary branch produces a pair 
of branches, these may be called branches 
of the second order, and similarly we may 
have branches of the third, fourth, etc. 
orders ( in Dicranopteris to several orders ). 
Underwood (1907) has used the word 
order in a different sense, which does not 
appear to me appropriate. 

For some descriptive purposes, however, 
it is more conyenient to begin at the distal 


G-I, branching patterns of species of Glei- 
H, G. hirta Bl. I, G. milnei Bak. J, 
J, D. linearis var. subpectinata ( Chr.) 


parts of the branching, because these bear 
the leafy lamina and the sori. So we may 
call one of the pairs of branches at an ulti- 
mate pseudo-dichotomy an ultimate branch 
(such a branch completes its growth and 
has no dormant apex), and the branch 
between it and the next preceding pseudo- 
dichotomy a penultimate branch. In many 
Gleicheniaceae, only the ultimate branches 
are leafy, and they may be branches of the 
first or any higher order. Where the apex 
of a primary branch does not rest perma- 
nently but continues to grow onwards 
beyond its pair of secondary branches, we 
still call it a primary branch and say that 
it has two (or more) pairs of secondary 
branches. 

BRANCHING IN GLEICHENIA SUBGENUS 
MERTENSIA AND IN DICRANOPTERIS ( FIGs. 
1D, E, F )— These both differ from the 
other two subgenera of Gleichenia in the 
form of the ultimate branches. The ulti- 
mate branch in subgenus Diploptery- 
gium is a primary rachis-branch bearing 
numerous stalked leaflets, each: leaflet 
having a lamina lobed almost down to the 
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costa, each lobe with a costule, the costule 
bearing a series of veins, each once forked. 
In subgenus Mertensia the ultimate branch 
is like a single leaflet in Diplopterygium; 
it consists of an axis bearing a lamina on 
each side of it, the lamina lobed almost 
down to the axis ( or costa), the lobes of 
the lamina each with a costule bearing 
once-forked veins. In Dicranopteris the 
ultimate branches are of similar form, but 
each vein is at least twice forked. How 
could this kind of ultimate branch have 
been developed from the primitive type 
found in Diplopterygium ? 

SUBGENUS MERTENSIA — It is signifi- 
cant that early fronds on young plants 
of the subgenera Diplopterygium and Mer- 
tensia are very much alike ( Figs. 54, C). 
The lateral branches of these fronds are 
deeply pinnatifid, in form like an ultimate 
branch in the subgenus Mertensia ( but 
smaller). In subgenus Diplopterygium 
the lobes of such lateral branches, on suc- 
cessively larger fronds of a growing plant, 
are first slightly lobed, then deeply lobed, 
and soon fronds with fully bipinnatifid 
branches are produced (Fig. 5B). In 
subgenus Merlensia this process does not 
take place; branches of later fronds remain 
in the form of deeply lobed laminae, the 
lobes entire. In successive fronds of a vigo- 
rous young plant these primary branches 


A B 


Fic. 5 — A, B, leaves of young plant of Gleichenia subgenus Diplopterygium. 
B, later leaf, showing dormancy of apex of main rachis. 


showing completed lamina. 
of a young plant of subgenus Mertensia. 
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become bigger up to a point ( varying 
with the species) and then increase in 
size on later fronds by producing a pair 
of secondary branches, each like the 
primary branch on a younger plant, and 
a permanently dormant apex (Fig. 5D). 
An exactly similar development occurs, 
as we have seen, in the subgenus Gleichenta, 
the difference being that its branches 


develop to fully bipinnatifid condition | 
In 
later fronds of subgenus Mertensia the | 


before secondary branching begins. 


forking process may be repeated several 


times on each lateral branch. Usually — 


the ultimate and penultimate branches 


bear a green lamina, and sometimes axes | 
of lower orders may be more or less com- : 


pletely leafy. Differences between species 


occur in the relative length of branches of . 
In some only the ulti- 


different orders. 
mate branches are elongate, the others all 


short (eg. G. hirta‘ Bl., Fig. 4H); in} 
others, branches of all orders are about — 


equal in length [ e.g. G. {runcata ( Willd.) 
Spr., Fig. 4G ]. In only one case known 
to me (G. milnei Bak.) the size of branches 
at successive forks ( pseudo-dichotomies ) 
is alternately unequal, thus showing 


partial reversion to an effectively pinnate | 


condition (Fig. 41). 
The largest fronds of any species of 
subgenus Mertensia are produced by the 


C D 


A, early leaf 
C, D, leaves 


C, first leaf which shows dormancy of main rachis. D, 


later leaf, showing pseudo-dichotomy of primary rachis-branch. 
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species G. truncata (better known by the 
later name laevigata, also given by Will- 
Jenow ). They may climb to a height of 
30 m or more. They are more efficient 
climbers than species of subgenus Diplop- 
erygium because the fan-shape of each 
branch-system has a much wider spread 
and so can give better support than a 
branch with one’ single straight axis. It 
is notable, however, that the majority of 
species of the subgenus Mertensia do not 
produce large plants nor high climbers; 
they are mostly species of mountains in 
the tropics, and of low country in cooler 
regions south of the tropics. They do 
not compete either with subgenus Diplop- 
Lerygium or with Dicranopteris as producers 
of thickets. 

Nakai (1950, p. 12) has described a 
species of subgenus Mertensia ( Sticherus 
myriapoda Nakai) which he found on 
Pulau Galang, an island in the Rhio 
Archipelago not far south of Singapore. 
His description and drawings correspond 
exactly with G. truncata ( which indeed 
is the only lowland member of the sub- 
genus otherwise known in that region), 
except that he states that the main rachis 
of the frond climbs by a regular twining 
process ( this he figures ) exactly like that 
of the frond of Lygodium. I never noticed 
anything like this in G. truncata, which 
I have seen in many places in Malaya ( nor 
in a plant of any other member of the 
family ), and I venture to think that Nakai 
made a faulty observation which was the 
basis of a later drawing. Mrs B. E. G. 
Molesworth-Allen, who has spent much 
time in the field in recent years studying 
ferns in Malaya, tells me that she has 
noticed a regular curving of the internodes 
of the main rachis of high-climbing fronds 
of G. truncata, especially in those which, 
having at an earlier stage become hung 
over the branch of a tree, find no further 
support; each new growth of the main 
rachis curves upwards, and becomes fixed 
in this curve by the development of the 
sclerotic tissues, though the weight of its 
new branches (or their successors ) may 
ultimately weigh it downwards again. 
A repeated curving of this type may have 
been the basis of a faulty observation by 
Nakai. If indeed his observation is cor- 
rect, his species must be very local, and 
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it is something quite unique and new, as 
regards growth-habit, in the family Glei- 
cheniaceae. 

The ultimate reduction in subgenus 
Mertensia is shown by two species which 
have unbranched fronds, namely G. sim- 
plex Hk. from South America and Sticherus 
pinnatus Copel. from New Guinea. The 
latter agrees with G. hispida Mett. in 
its peculiar scales, and I think it is prob- 
ably a precociously fertile juvenile condi- 
tion of that species, but perhaps G. sim- 
plex never develops beyond this juvenile 
stage. 

As Wagner has pointed out (1952, 
p. 578), in some of the distal forks of 
G. truncata (he miscalls it G. flagellaris, 
which is a Mascarene species) dormant 
apices are not evident (there are no pro- 
tective scales, and apparently nothing to 
protect ) and perhaps do not exist, a not 
surprising fact in an evolutionary sequence 
in which permanent dormancy of some 
apices has been an important factor. 

A feature not shown by all species of 
the subgenus (it only occurs in the larger 
ones ) is the presence of lobed leaflets which 
more or less cover the dormant apices of 
the main rachis and of first-order branches. 
Similar leaflets (in place of normal ones ) 
occur in subgenus Drplopterygium, at the 
bases of each pair of main rachis-branches; 
their occurrence at main forks in subgenus 
Mertensia, where the axes immediately 
beyond the forks are bare of leaflets, may 
be regarded as a persistence of the deve- 
lopment already existing in ancestral ferns 
of Diplopterygium habit. 

It is thus probable that the subgenus 
Mertensia has arisen by development from 
the condition shown by subgenus Diplop- 
terygium on a line separate from that which 
led to the subgenus Gleichenia, by a sim- 
plification of the ultimate branches (an 
arrest of development of the fronds of 
young plants) and the increase in size of 
the fronds by further branching accom- 
panied by dormancy of apices. I cannot 
follow the argument of Chrysler ( 1944) 
who considered subgenus Mertensia ( Sti- 
cherus ) to represent the primitive condi- 
tion of Gleichenia. 

In the Bogor herbarium is a monstrous 
frond of G. milnei in which the simple 
lamina-lobes normal in the species are 
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replaced by deeply pinnatifid lobes; this 
specimen bridges the gap between the sub- 
genera Mertensia and Diplopterygium, and 
would seem to me to indicate a reversion 
to the ancestral condition. 

DICRANOPTERIS — The ultimate bran- 
ches of Dicranopteris are much like those 
of Gleichenia subgenus Mertensia, but, as 
noted above, they differ in their peculiar 
hairs in place of scales, in their more com- 
plex venation, and in sori having a larger 
number of sporangia. 

It seems to me altogether probable that 
Dicranopteris represents a separate line of 
development from the frond-form of 
Gleichenia subgenus Diplopterygium, simi- 
lar to that of the subgenus Mertensia in 
the development of simply pinnatifid ulti- 
mate branches by retention of the juvenile 
condition. Besides differences in hairs, 
etc., Dicranopteris differs from subgenus 
Mertensia in its branch-pattern, as follows: 
the penultimate branches never bear a 
leafy lamina, but there are present re- 
flexed accessory branches, exactly like the 
ultimate branches, at most of the forks 
of the frond (Fig. 1F ). Copeland ( 1947, 
p. 28) refers to the accessory branches as 
““stipule-like outgrowths’; but I would 
restrict that term to the smaller erect 
leaflets (not mentioned by Copeland ) 
which protect the larger dormant apices, 
as mentioned in the preceding section on 
the subgenus Mertensia ( for an illustration 
showing both accessory and stipular 
branches, see Holttum 1955, fig. 16C ). 

The primary branch-systems of Dicra- 
nopterts usually comprise forks of several 
orders, and the lengths of rachis between 
one fork and the next are approximately 
equal; the whole complement of leafy 
branches borne by one pair of primary 
branches is thus often widely spread and 
fan-shaped; this character makes these 
ferns very efficient as thicket-formers and 
as climbers. They are the dominant 
thicket-forming ferns of the lowlands in 
the Malayan region, members of the genus 
Gleichenia being almost all mountain 
plants. 

The accessory branches of Dicranopteris 
can be regarded (like the smaller stipular 
leaflets, which are not shown in the dia- 
grams in the present paper) as residual 
leaflets on axes which have otherwise lost 
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all green lamina. One can find all kinds 
of transition between simple lamina-lobes | 
and the deeply bipinnatifid condition of 
the accessory branches, so that I do not, 
think the more elaborate form of the latter | 
connotes a different origin (in some, 
varieties of D. linearts the basal outer 
lamina-lobes of the ultimate branches are 
also developed into accessory branches ). 
The accessory branches give a greater, 
photosynthetic area with retention of the” 
pseudodichotomous branching plan, and 
compensate for the loss otherwise of all 
green lamina except on ultimate branches. 
It should be noted that in the subgenus 
Acropterygium ( South pee ) the acces: 
sory branches do not occur (Fig. 1F). 

The additional branching of the vend in 
Dicranopteris is perhaps an indication of | 
a slightly less drastic reduction of leaflet- ' 
form than has occurred in subgenus Mer 
tensia; such branching of the veins is alse 
found in fronds of young plants of sub- 
genus Diploptervgium where the transition \ 
from simple leaflets to a more deeply lobes 
condition occurs. 

Dicranopteris shows a change from a 
pseudo-dichotomous towards a pseudo- - 
pinnate condition in several varieties of) 
D. linearis, with an extreme form in D. 
speciosa ( Presl) Holtt. ( Hicriopteris spe- | 
ciosa Presl, synonym Gleichenia opposita | 
v.A.v.R.). The only comparable case in | 
the subgenus Mertensia is the species G. . 
milnei, as noted above. A good example» 
of the approach to a pseudo-pimnate state 
is shown by D. linearis var. subpectinata ! 
( Chr.) Holtt., a common and distinctive 
fern in Malaya (Fig. 4/). A closely 
similar form of branching, but lacking ; 
accessory branches, is universal in the) 
subgenus Acropterygium ( which seems to 
be very uniform as compared with the 
species D. linearis and its allies ). 

The complete change from pseudo- di- 
chotomous to a pseudo-pinnate condition 
seen in D. speciosa is brought about by a 
suppression of the accessory branch on 
one side of a fork, and the development of 
the ultimate branch on the other side as 
a simple leaflet (Fig. 4K). The fact 
that the fork is an unequal pseudo-dicho- 
tomy can be seen by the presence of a 
dormant apex; such apices are on alter- 
nate sides of the effective (sympodial ) 


' 
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ixis of the pseudo-pinnate branch-system 
which is in fact straighter than I have 
shown it in the diagram). The accessory 
ranches are always smaller than the 
ultimate branches which are opposite to 
chem, and thus the pinnate appearance 
of the whole branch is not perfect; and it 
always ends in a pair of equal ultimate 
sranches. This reversion to an effectively 
innate state from what one must surely 
regard as a more efficient pseudo-dicho- 
fcomous condition seems surprising. D. 
speciosa is never as abundant as the varie- 
ties of D. linearis with which it grows in 
association, though it is fairly widespread 
zeographically (Malaya, Sumatra and 
parts of Borneo near Malaya; also from 
one locality in the Moluccas ). 

Presl described this condition very care- 
fully (1851, p. 27) when he established 
his new genus Hicriopteris (he included 
reference to the alternate dormant apices ) 
but subsequent authors thought he was 
describing a species of Gleichenia subgenus 
Diplopterygium. Presl’s specimen ( which 
[ have seen) has a label indicating an 
origin from the Punjab, but that is im- 
possible. Most probably it came from 
Penang, where the species is not un- 
common, and which was visited by several 
early collectors. 


Fossil of Eocene Age 


: Gardner and Ettingshausen (1880-1882) 
described a fossil Gleichenia, with the 
name G. hantonensis, from Eocene beds 
at Bournemouth. I have examined the 
specimens, some in the British Museum 
‘Natural History ) and some in the Sedg- 
wick Museum, Cambridge. The fossils 
show slender branching rachises with pairs 


of branches and dormant apices in the. 


manner of Gleicheniaceae. There are 
letached pairs of leafy ultimate branches 
with a dormant apex between them 
»xactly as in Dicranopteris ( penultimate 
branches are not leafy); the venation, 
»osition of sori and number of sporangia 
‘to at least 10) also agree with Dicranop- 
eris (Gardner’s pl. X, Fig. 3). There 
ıre also leaflets ( or lamina-bearing bran- 
shes ) with lamina and venation similar 
:o those just mentioned, but bearing also 
seculiar curved hooks of a kind I have 
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never seen on any living fern. Gardner 
figured a reconstruction showing these 
two kinds of leafy branches as parts of a 
single frond, adding also accessory bran- 
ches of the kind now found in Dicranop- 
teris linearis (an unjustifiable addition, 
as such branches are nowhere shown by 
the fossils ). 

The hook-bearing branches were in 
pairs, and were reflexed. They exist only 
as isolated pairs, except that in one case 
( Gardner’s pl. VI, Fig. 9) the main axis 
appears to be prolonged beyond the pair 
of leafy branches. I have examined this 
specimen carefully (it is at the British 
Museum ) and I am by no means convinced 
that the apparent prolongation was ac- 
tually joined to the rest of the specimen; 
it is at a slightly different level in the rock, 
and the connection, if there ever was one, 
is at any rate broken. The hooks of these 
peculiar branches have the position of a 
thickened midrib of the lowest lamina-lobe, 
but the lamina has apparently dis- 
appeared. I do not think one can be at 
all sure of how these peculiar hooked 
branches were borne on a frond, nor is it 
certain that they were parts of the same 
fronds which bore the Dicranopteris-like 
branches. These latter are so much like 
Dicranopteris that it seems most probable 
that they belonged to that genus. This 
is interesting, both because these are the 
youngest known fossils of the family (no 
older ones show any resemblance to Di- 
cranopteris) and also because the fact of 
their occurrence in the northern hemis- 
phere is another piece of evidence against 
the antarctic origin of the family postu- 
lated by Copeland. 


Comparison of Gleicheniaceae with 
Other Families 


The question of possible relationships 
as judged by structure of sporangia has 
been very fully discussed by Bower ( 1926, 
especially chapters 22, 24, 25). Glei- 
cheniaceae most probably had a common 
origin with Schizaeaceae; the sporangia 
of the latter are somewhat more primitive, 
but the essentially similar nature of the 
sporangia in the two families is surely an 
indication of a common origin. At an 
early stage, Gleicheniaceae reached the 
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condition of having the sorus on the lower 
surface of the lamina, not at the end of a 
vein; we have no evidence as to how this 
condition evolved. Schizaeaceae retained 
the presumed primitive condition of 
sporangia at the vein-endings. Primitive 
Gleicheniaceae also developed a large fully 
bipinnate leaf ( Senftenbergia in Schizaea- 
ceae had this leaf-form, but it did not 
survive in the family; can it have been 
a Gleichenia-ancestor ?), and variation 
within the family is mainly concerned 
with the development of different leaf- 
patterns by a process of dormancy of some 
apices and by reduction of the lamina on 
each branch. A contributory factor here 
was the need for light. All Gleichenias 
are sun-ferns; the periodie dormancy of 
the apex of the main rachis, and the fan- 
like branching possible owing to perma- 
nent dormancy of other apices, made 
possible the development of efficient 
thicket-forming and climbing fronds. 


A B 


Fic. 6 — A, diagram of branching of twining 
leaf of Lygodium scandens (L.) Sw. B, diagram 
of branching of part of a leaf of Phanerosorus 
sarmentosus ( Bak.) Copel. In both cases length 
of each pinna-rachis is exaggerated. 
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In Schizaeaceae, also in the main a 
family of sun-ferns, the genus Lygodium 
has developed climbing fronds, but in a, 
different way (Fig. 6A). Here the) 
branching of early fronds is almost equally — 
dichotomous, but in later fronds the main 
axis is alternately unequally dichotomous, | 
the first stage towards a pinnate condition, | 
and has developed a twining habit, not | 
known in Gleicheniaceae apart from the” 
doubtful case reported by Nakai. Along © 
with this incipient pinnation there is dor- | 
mancy of an apex on the short branch- 
system at each dichotomy (in pinnate » 
terms, the apex of each pinna is dormant ). | 
In Lygodium, the short branch at each 
dichotomy is very short; its length is 
exaggerated in Fig. 6A to indicate it 
nature more clearly. | 

In Matoniaceae, the sori and sporangia | 
are comparable with those of Gleichenia ı 
(the indusium is probably a late deve- 
lopment, also the lateral dehiscence of the” 
sporangia). The genus Matonia differs 
from Gleichenia in the pattern of its main 
branching, as noted above. But the genus 
Phanerosorus has slender trailing (not, 
twining ) leaves with an almost pinnate 
plan, some apices being dormant ( Fig. | 
6B ), resembling Lygodium but much less 
regular in its branching pattern (the 
figure does not indicate all the possib- 
ilities ). Some published figures of Phane- 
rosorus do not show the position of the 
dormant apices clearly; the length of the 
short branches is exaggerated in Fig. 6B 
to make this position clear. 

Thus both in Schizaeaceae and Matonia- 
ceae there are ferns with both dicho- 
tomous (or sub-dichotomous) and pinnate 
branching. The former type of branching 
does not occur in living Gleicheniaceae, 
but it may have existed in the past. It 
was perhaps such a dichotomously branch- 
ed Gleicheniaceous fern which gave rise 
to the Dipteris type of fern which I believe 
was the parent of the modern Polypodium 
group of genera ( Polypodiaceae, senss 
strict.), in the way that I have tried t 
indicate in an earlier paper ( Holttum 
1947). The ancestors of Polypodiaceae 
most probably had stellate hairs not un- 
like those of Gleichenia (they occur in 
Platycerium and Pyrrosia), but Dipteris 
does not have such hairs, for which reaso 
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I think it cannot itself have been a Poly- 
podium ancestor. 

It is clear that strictly dichotomous or 
sub-dichotomous modes of branching do 
not permit the development of very large 
fronds, such as are possible on the pinnate 
plan. Dipteris conjugata probably repre- 
sents about the possible upper limit of 
size. Small ferns cannot compete with 
Gleichenias in thickets in open places. 
There are three alternative habitats: the 
shade of high forest, where the ground is 
never fully covered with vegetation; open 
places where the edaphic conditions are so 
unfavourable or specialized that there is 
little competition ( Dipteris lobbiana clings 
to rocks in the flood zone of forest streams, 
Matonia pectinata grows in much-leached 
soil of high mountain ridges or isolated 
summits); and the epiphytic habitat. 
I think it is significant that Polypodia- 
ceae (sens. strict.) are almost exclusively 
epiphytes. 

Cyatheaceae have a frond-pattern al- 
most exactly like that which I believe was 
possessed by the ancestors of our modern 
Gleicheniaceae. The most _ distinctive 
vegetative difference evolved in Cyathea- 
ceae is the tree-habit, which is universal 
(compare the erect trunk of Orthiopteris 
with the creeping rhizome of Dennstaedtia, 
the two having similar sori). Though 
the dormancy of frond-branches had no 
part in the evolution of Cyatheaceae as a 
whole, it is interesting to note that in New 
Guinea there is a member of the family, 
originally named Polybotrya arfakensis by 
Gepp, in which there is arrested growth 
of small branches of the frond ( L.S. Gibbs 
1917, p. 71). Finally, it may be noted 
that in Cyatheaceae can be found resem- 
blances to the two types of scales found 
in Gleichenia subgenus Diplopterygium 
( Holttum 1957c ). 


Cytology of Gleicheniaceae 
| Few ferns of the family Gleicheniaceae 
have been examined cytologically. Manton 
(in Holttum, 1955, p. 623 and Fig. 1 ) has 
reported a chromosome number n = 39 
in Dicranopteris, and Manton & Sledge 
(1954) report a Dicranopteris from Ceylon 
with n = 78. These findings are con- 
firmed by Mehra & Singh ( 1956) in India. 


| 
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Mehra & Singh have also found n — 56 
in a fern which they call Hicriopteris glauca, 
a species of Gleichenia subgenus Diplop- 
terygium of the present paper. Thus 
there are good cytological grounds for 
separating Dicranopteris and this subgenus 
of Gleichenia; and the number 56 looks 
much more like a primitive one than 39. 
But one cannot judge cytological evidence 
fully until other members of the family 
have been investigated. 


Summary 


Excluding the genus Platyzoma, the 
family Gleicheniaceae consists of two very 
different parts, here ranked as subfamilies: 
(1) Stromatopteridoideae (genus Stro- 
matopteris ), (2) Gleichenioideae. The lat- 
ter is divisible into two distinct groups, 
here ranked as the genera Gleichenta ( in- 
cluding Hicriopteris and Sticherus of 
Copeland’s Genera Filicum ) and Dicranop- 
teris. These two genera differ in dermal 
appendages, sori and venation; they agree 
in basic frond-form and frond-deveiop- 
ment. All fronds have opposite pairs 
of branches, the apex of the main rachis 
remaining dormant while each branch- 
pair develops. In some cases the branches 
are again branched, with a permanently 
dormant apex between the branches. A 
comparative account of the branch- 
patterns is given, and it is argued that the 
branching of Gleichenia subgenus Diplop- 
terygium ( Hicriopteris of Copeland, not 
of Presl) is primitive; fossil evidence 
supports this, and does not support Cope- 
land’s theory of the antarctic origin of 
the family. The genus Dicranopteris is 
considered to be the most highly evolved 
section of the family; the apparent ano- 
maly of its bearing hairs and not scales 
is discussed, the hairs being regarded as 
specialized, not primitive structures. A 
brief comparison of frond-form in this and 
other primitive families is made, based 
on the idea that from equally dichoto- 
mous beginnings there are two possible 
developments: the pinnate leaf ( modi- 
fied in Gleicheniaceae by periodic rest- 
ing of the rachis-apex) and the pattern 
of Dipteris and Matonia which appears 
to have led to the Polypodium group of 
genera. 
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STUDIES ON HYPHAENE INDICA BECC.—I. MORPHOLOGY 


T. S. MAHABALE & M. S. CHENNAVEERAIAH 
Department of Botany, University of Poona, India 


Introduction 


Palms form a characteristic feature of 
tropical vegetation with their familiar 
habit of forming a crown of leaves at the 
end of an unbranched stem. The genus 
Hyphaene is, however, an exception in 
having a branched stem. The form of 
the stem varies greatly in different genera 


and species of palms. Nipa, Phytelephas 
and Geonoma have a short rhizome or root- 
stock with radical leaves. Calamus and 
Desmoncus are climbers and have thin 
reed-like stems with long internodes. 
Others have a tall stem overtopped by a 
crown of leaves which are either fan-like 
or feather-like. The inflorescence is usual- 
ly very large and much branched. It 
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usually arises in the axil of the current leaf 
as in many palms, or lower down the stem 
as in Caryota. It is terminal in Corypha 
and once it is produced the plant dies. 
The branching of the inflorescence is 
racemose, the flowers being often em- 
bedded in the axis so as to form a spadix. 
They are enclosed in a spathe and are 
generally dioecious but sometimes mono- 
ecious. 

There is considerable interest in palms 
on account of their antiquity, woody and 
arborescent nature and primitive floral 
and pollen characters. However, em- 
bryological data are scanty (see Schnarf, 
1931) and controversial as will be seen 
from the following summary of previous 
work. 


Previous Work 


A simultaneous division of the micro- 
spore mother cells has been described in 
Chaemodorea sartorii, C. glaucophylla and 
C. karwinskiana, C. corallina, Areca tri- 
andra, Caryota sp., Pterigospermum sp. 
(Schnarf, 1931) and Cocos nucifera 
( Juliano & Quisumbing, 1931). On the 
other hand, a successive type of division 
occurs in N:pa fruticans ( Radermacher, 
1925 ). 

Various types of embryo sac develop- 
ment have been reported by different 
workers. In Actinophloeus macarthurii 
( Radermacher, 1925) and Areca catechu 
(Swamy, 1942) it is reported to be of the 
Polygonum type. The same has recently 
been reported by Rao (1955a, 1956) in 
- Areca catechu, A. concinna, A. triandra, 
Actinophloeus, Pritchardia sp., Licuala sp., 
Livistonia sp., Trachycarpus, Washingtonia 
and species of Sabal. Bisporic embryo 
sacs have been reported in Chaemodorea 
latifolia ( Jonsson, 1879-80) and Nipa 
fruticans ( Radermacher, 1925) but S. C. 
Maheshwari ( 1955 ), reviewing the occur- 
rence of bisporic embryo sacs in Angio- 
sperms, doubts these reports. Quisum- 
bing & Juliano ( 1927 ) reported the Adoxa 
type of embryo sac in Cocos nucifera, but 
as early as 1911, Bauch (1911) had seen 
degenerating megaspores in this species. 
More recently De Poerck (1950) stated 
that in Elaeis guinensis the megaspore 
mother cell develops directly into an eight- 
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nucleate embryo sac. Here again, Kajale 
& Ranade (1952, 1953) have demon- 
strated four kinds of tetrads and the 
Polygonum type of embryo sac develop- 
ment in this species. 

The antipodals show a variable be- 
haviour. In Chaemodorea concolor ( Sues- 
senguth, 1921) the three antipodals are 
small and ephemeral. In Pinanga moluc- 
cana (Lotscher, 1905) and Calyptocalyx 
( Bauch, 1911 ) they are described as some- 
times becoming 2- to 3-nucleate. In 
Areca catechu (Swamy, 1942) also they 
are said to be persistent and aggressive. 

The endosperm is nuclear in Phoenix 
dactylifera (Long, 1943), Areca catechu, 
Chrysalidocarpus lutescens, Licuala sp., 
Livistoniaspp., Trachycarpus, Washingtonia 
and Sabal spp. (Rao, 1955a, b; 1956). 
Nothing is known regarding embryo dev- 
elopment in Palmae (Johansen, 1950) 
except for the recent report by Rao 
(1955a, 1956) that it is of the Onagrad 
type in Areca catechu and Actinophloeus 
macarthurw. 

It is clear from the above that many 
of the observations on palms are of 
doubtful nature and more critical embryo- 
logical studies are desirable. 


Material and Methods 


Material for the present investigation 
was collected from the Public Park and 
Municipal Gardens at Baroda and from 
plants growing wild at Daman on the west 
coast of India. Flower buds were fixed in 
formalin-acetic-alcohol after removing the 
perianth. Since the tannin interfered 
with sectioning of the older ovaries, these 
were dissected in many cases and ovules 
alone fixed. Sections were cut at a thick- 
ness of 10 to 20 microns. Heidenhain’s 
haematoxylin was used for staining with 
erythrosin as a counterstain. Delafield’s 
haematoxylin was also used for com- 
parison. 


Observations 


Hyphaene indica Becc., commonly 
known as the Indian Doum Palm ( Blatter, 
1926) or Ravan Tad is included in the 
tribe Borasseae of Palmae. The stem is 
dichotomously branched two to four times, 
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The male spadix is about 34 ft. long. 
Fig. 1 represents approximately two-thirds 
of its upper portion. The spathes are 
tubular, ending at the apex on one side in 
a triangular acuminate limb, covered with 
a dense woolly tomentum. The secondary 
branchlets are digitately arranged. The 
axiallary part of the branchlet is tough 
and there are no flowers at its base. 
There are three flowers for each scale. 
The outer perianth lobes in the male 
flower are linear-oblong, imbricate and 
connate at the base. The inner ones are 
broadly ovate, obtuse, rigid, parchment- 
like and very strongly striate-nervose. 
There are six stamens closely packed in 
the bud (Fig. 2). A rudiment of the 
ovary is always observed in the male 
flowers ( Fig. 3, fd). The female spadix 
is similar to the male, but is less branched 
(Fig. 4). From the middle part of its 
primary axis secondary branches arise 
which bear spikes of female flowers. Both 
the primary as well as secondary axes are 
enclosed in tubular spathes which are full 
of hairs. The apex of the primary axis 
ends in a spike of female flowers. The 
female flowers are shortly | pedicellate. 
The three outer perianth lobes are ovate- 
orbicular, obtuse and imbricate; the three 
inner are slightly smaller and broadly 
ovate, obtuse, concave and imbricate. 
They are opaque and nonstriate. There are 
six staminodes fusing into a membranous 
ring. Three of them are seen in Fig. 5. 
The ovary is subglobose, obscurely three- 
lobed and three-celled. The apex of the 
spike is narrowed into a tail devoid of 
flowers. 

It is of interest to add here that in one 
or two cases Dr A. R. Chavan of the 
M.S. University, Baroda, while collecting 
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material for our study, noticed that the 
terminal branches of a female spadix had 
male flowers on the upper part of female 
spikes which had already formed a few 
female flowers below. Such instances of 
hermaphorodite inflorescences are, how- 
ever, very rare. 

The one-seeded fruits are obovate, 
gradually attentuated towards the base. 
They are sub-hemispherical, slightly com- 
pressed laterally and have numerous in- 
equalities on the surface ( Fig. 6). The 
endocarp is woody but fleshy inside. 

The seed which is adnate to the endo- 
carp, is erect, ovoid and intruded at the 
base. It is situated slightly above the 
middle of the fruit (Fig.7). The endosperm 
is homogenous and hollow. The embryo 
is perfectly apical. Not infrequently the 
young fruits are two-seeded ( Fig. 8), but 
mature fruits are one-seeded, due to sup- 
pression of the other seed. 

MICROSPORANGIUM — One to two hypo- 
dermal cells are differentiated as the 
archesporium at each corner of the young 
anther (Fig. 17). These divide peri- 
clinally to form the primary parietal and 
primary sporogenous layers (Fig. 18). 
By further divisions of the primary 
parietal layer the wall of the anther be- 
comes five- or six-layered (Figs. 19, 20). 
Juliano & Ouisumbing (1931) observed 
six to eight layers of cells in the anther 
wall of Cocos nucifera. Four to six layers 
have been seen in Borassus flabellifer, 
Pritchardia, Licuala and Livistonia ( Rao, 
1955a, 1956). It is evident from these 
observations that the anther wall in many 
palms is thicker than is usual in other 
flowering plants. The tapetum is one- or 
two-layered (Figs. 20, 21, 24), as also 
in Borassus flabellifer, Pritchardia spp., 
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Fics. 1-16 — (emb, embryo; end, endosperm; endo, endocarp; fil, filament; ptd, pistillode; 


sn, septal nectary; std, staminode ). 


showing pistillode. x 42. 


Fig. 1. Male inflorescence. x 1. Fig. 2. T.s. male flower 
showing six perianth lobes and six compactly arranged anthers. x 42. 


Fig. 4. Female infloresence. x }. 


: Fig. 3. T.s. male flower 
Fig. 5. T.s. female flower showing 


six perianth lobes, three out of six staminodes and tricarpellary ovary with septal nectaries. x 20. 


Fig. 6. Older fruit. x 4. 
Fig. 9. Young septal nectary. x 111. 


Fig. 7. L.s. older fruit. x 4. Fig. 8. Two-seeded young fruit. x +. 
Fig. 10. Same, at older stage. x 111. 


Fig. 11. Portion of 


integuments at the archesporial cell stage. x 160. Figs. 12, 13, same at the two-nucleate embryo 


sac and mature embryo sac stage respectively. x 160. 


of tannin at the base of the nucellus. x 47. 


Figs. 14-16. Ovules showing deposition 
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Licuala spp., and Livistonia spp. ( Rao, 
1955a, 1956). The tapetal cells are uni- 
nucleate and nonvacuolated in the begin- 
ning but later become binucleate and 
vacuolated ( Figs. 22, 23). The tapetum 
is of the secretory type ( Figs. 24, 25). 
It continues to nourish the developing 
microspores for a long time. The endo- 
thecium differentiates from the sub- 
epidermal layer and all the middle layers 
gradually degenerate. 


MICROSPOROGENESIS AND MALE GAMETO- 
PHYTE — The sporogenous tissue con- 
sists of four to five cells in a transverse 
section. The pollen mother cells do not 
round off as they pass through the syni- 
zetic stage ( Fig. 21). The haploid num- 
ber of 18 bivalents was counted both at | 
diakinesis and at the heterotypic meta- | 
phase (Figs. 26, 27). During Anaphase | 
I, the equatorial region of the spindle | 
becomes dense giving the appearance of | 


x 


Fics. 17-25 — Fig. 17. T.s. half of young anther showing hypodermal archesporial cells. x 398. 


Fig. 18. Anther lobes showing parietal layers. x 398. 


surrounded by four to five wall layers. x 398. 


Fig. 20. 
innermost wall layers differentiating as tapetum. x 398. 
synizesis; the tapetum is two-layered at two points. x 398. 


Fig. 19. Central group of sporogenous cells | 
Anther lobe showing one or two of the : 
Fig. 21. Microspore mother cells in 

Fig. 22. Uni-nucleate tapetal cell. 


X 1350. Fig. 23. Binucleate tapetal cell. x 1350. Fig. 24. Portion of anther lobe showing secre- - 


tory tapetum, uninucleate microspores and degenerating middle layers. x 398. 


Fig. 25. Portion ı 


of anther lobe showing fibrous endothecium and degenerating middle layers. x 398. 
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Fics. 26-43 — Fig. 26. Microspore mother cell in diakinesis showing 18 bivalents. x 1130. 
Fig. 27. Metaphase I showing 18 bivalents. x 1130. Fig. 27. Metaphase I showing 18 bivalents. 
x 1130. Fig. 28. Anaphase I. x 1130. Fig. 29. Anaphase II. x 1130. Figs. 30-31. Tetrad 
formation. x 1130. Figs. 32-35. Isobilateral, tetrahedral, linear and T-shaped microspore tetrads. 
X 1130. Fig. 36. An octad. x 1130. Fig. 37. Microspore mother cell in metaphase of third division 
following meiosis, which will result in an octad. x 1130. Figs. 38, 39. Uninucleate microspores. 
x 875. Figs. 40, 41. Pollen grains with vegetative and generative cells. x 875. Fig. 42. Pollen 
grain with generative nucleus in the cytoplasm of the vegetative cell. x 875. Fig. 43. Pollen grain 
at shedding stage. x 875. 
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cell-plate formation and indicating the 
successive types (Fig. 28). However, 
the first nuclear division is soon follow- 
ed by the second. Though a slight clea- 
vage of the cytoplasm can be seen in 
Fig. 29, the divisions are decidedly of the 
simultaneous type. The spindles of the 
second division become interconnected by 
secondary spindles ( Figs. 30, 31). Cyto- 
kinesis takes place by cell plate formation 
and not by furrowing. The microspore 
tetrads are usually isobilateral, but some- 
times tetrahedral ( Figs. 32, 33). Not un- 
commonly the T-shaped tetrads are also 
met with (Fig. 35). Linear tetrads which 
are considered to be rare are quite com- 
mon in our material ( Fig. 34), and now 
known to be frequent in many monocoty- 
ledonous families. 

A rare instance of ‘ polyspory ’ was ob- 
served in a couple of cases. One case was 
observed where the pollen mother cell 
was undergoing a third division after 
meiosis (Fig. 37). In another case an 
octad was seen (Fig. 36). Such in- 
stances of ‘polyspory’ have been re- 
ported previously in some plants: six to 
ten microspores in Fuchsia ( Beer, 1906 ) 
ten to twelve in Rosa ( Penland, 1923 
and Helixanthera ligustrina ( Johri, 1956). 
Johri & Tiagi (1952) have reported ten 
to eleven microspores in Cuscuta reflexa 
formed by supernumerary divisions in one 
or more of the four microspores. The 
formation of more than four spores is 
generally believed to result from the 
occurrence of lagging chromosomes which 
organize into micronuclei, and they are 
believed to be present in hybrids ( Mahesh- 
wari, 1950, p. 46). In Hyphaene indica, 
however, polyspory occurs as a result of 
the subsequent division of the members 
of a tetrad. 

A newly formed microspore has dense 
cytoplasm and a centrally placed nucleus 
( Fig. 38). As it increases in size, vacuo- 
lation appears in the cytoplasm followed 
by the displacement of the nucleus from 
the centre to a place adjacent to the wall 
(Fig. 39). Gradually the microspore de- 
velops the intine and exine. Fig. 38 is 
indicative of a one-sulcate pollen grain 
(see Erdtman, 1952). A slight asym- 
metry of the spindle is seen during the 
division of the microspore nucleus. This 
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division results in the formation of a small 
lenticular generative cell and a large vege- 
tative cell (Fig. 40). Sometimes the 
generative cell is widely separated from 
the vegetative, presumably due to a 
shrinkage of the two cytoplasms ( Fig. 41 ). 
At this stage the generative nucleus is 
almost spherical. Later on it moves into 
the cytoplasm of the vegetative cell and 
lies in close proximity to the vegetative 
nucleus (Fig. 42). The division of the 
generative nucleus does not take place 
in the pollen grain which is shed at the 
two nucleate condition ( Fig. 43), as in 
Chaemodorea, Trachycarpus and Astro- 
caryum ( Schürhoff, 1926). The exine is 
well developed and has rounded warts 
similar to those on the pollen grains of 
Borassus flabelliformis ( Erdtman, 1952 ). 

OVARY AND OVULE — The ovary is 
superior and tricarpellary and has three 
ovules on an axile placenta (Fig. 5). 
Septal nectaries are present, and consist 
in the young condition of a row of epi- 
thelial cells surrounding the cleft ( Fig. 9). 
As the embryo sac develops to maturity, 
the epithelial cells increase in size and 
become prominent with dense contents 
(Fig. 10). However, they remain only © 
one-layered and later degenerate. 

The ovule is crassinucellate, sessile, 
orthotropous, and attached to the axile 
placenta by a broad base ( Fig. 5). Both 
the integuments are well developed and 
cover the nucellus even when the arche- 
sporium is being differentiated ( Fig. 11). 
At this stage the inner integument con- 
sists of only two layers of cells. The outer 
integument is quite massive consisting of 
seven to eight layers. As the embryo sac 
matures (Figs, 12, 13), the inner integu- 
ment becomes three to four layered and 
the outer twelve to fourteen layered 
( Figs. 12, 13). The endostome does not 
close and form a beak filled with tannin as 
reported by Kajale & Ranade (1953) in 
Elaeis guinensis. Both the exostome and 
endostome leave a narrow micropyle. The 
massive outer integument is supplied by 
a ring of 16-18 vascular bundles which 
extend about two-thirds of its length 
(Fig. 16). The presence of such integu- 
mentary vascular bundles probably sug- 
gests the primitiveness of the family, as 
do several other features. At the top, the 
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outer integument is characterized by a 
shallow depression ( Fig. 16). At the base 
of the nucellus there is a patch of cells 
filled with tannin ( Fig. 14). The deposit 
of tannin extends further up as the ovule 
matures ( Figs. 15, 16). 

All the three ovules develop up to a 
certain stage, but the fruit is only one- 
seeded. Degeneration of the two ovules 
may occur at different stages in the course 
of their development, but generally after 
the embryo sac has become two- or four- 
nucleate, sometimes all the ovules develop 
to the mature embryo sac stage and then 
two degenerate. 

MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — The young nucellus is slightly 
conical in shape. A single hypodermal 
cell differentiates as the archesporium 
(Fig. 44). This cuts off a parietal cell 
which divides only anticlinally ( Fig. 45 ). 
In Elaeis guinensis ( Kajale & Ranade, 
1953) the parietal tissue consists of two 
to three layers. It does not persist for 
a long time, but degenerates along with 
the cells of the nucellus as the development 
of the embryo sac proceeds. The mega- 
spore mother cell elongates considerably 
before it divides. At diakinesis, 18 bi- 
valents were observed (Fig. 46). At 
the end of this division a dyad is formed, 
in which the lower cell is larger than the 
upper (Fig. 47). The latter gradually 
degenerates (Figs. 50, 51), while the 

lower elnogates and divides (Figs. 48, 
49). No wall is formed after this division 
and a two-nucleate embryo sac results 
(Fig. 50). The development of the female 
-gametophyte is thus bisporic and of the 
Allium type. 

When the two-nucleate embryo sac is 
first formed, there is a vacuole above and 
below the centrally situated two nuclei 
(Fig. 50). Gradually a number of 
vacuoles develop, leaving the nuclei with 
a small amount of cytoplasm in the centre 
Kies. 51,252). They remain in. this 
position till just before division. Mean- 
while the embryo sac enlarges consider- 
ably and the two nuclei part to the poles 
( Fig. 53) where they divide resulting in a 
four-nucleate embryo sac. Figs. 54-57 
show the variable disposition of these four 
nuclei. It is of interest to note in this 
connection that the two chalazal nuclei 


are sometimes slightly smaller than the 
two micropylar nuclei (Fig. 56). Both 
two- and four-nucleate stages are of a 
fairly long duration as is evident from the 
fact that in very many cases, when ovaries 
of varying sizes were sectioned, they con- 
tained only these two stages. 

Fig. 58 shows an embryo sac with eight 
nuclei, the four chalazal nuclei being 
slightly smaller than the four micropylar 
nuclei. Fig. 59 shows an unorganized 
embryo sac with degenerating antipodal 
nuclei. The organized egg apparatus and 
the polar nuclei are seen in the next figure. 
The chalazal polar nucleus here is slightly 
smaller than the micropylar. The anti- 
podals do not form cells but remain only 
as nuclei and are very ephemeral. 

The egg apparatus is quite normal 
( Fig. 61). The synergids are conical and 
are provided with a basal vacuole. Neither 
hooks nor haustoria were observed here 
as in Elaeis guinensis ( Kajale & Ranade, 
1953). The egg has an apical vacuole, and 
the nucleus lies in its broad basal end 
( Fig. 62). 

The secondary nucleus is fairly large 
and is situated in the micropylar half of 
the embryo sac ( Fig. 62). Sometimes it 
is seen at the chalazal end (Fig. 63). 
Occasionally supernumerary nuclei were 
met with in the embryo sac. They may 
have come from the crushed cells of the 
nucellus. When the embryo sac is ready 
for fertilization, all the nucellar tissues are 
destroyed except a single layer of cells 
at the micropylar end. Simultaneously 
the deposition of tannin at the base of the 
nucellus greatly increases and extends 
upwards. 


Summary 


1. The paper comprises an account of 
the morphology, microsporogenesis, mega- 
sporogenesis and male and female game- 
tophytes of the branched palm, Hyphaene 
indica. 

2. The palm has flabellate leaves. It is 
dioecious, and two kinds of inflorescences, 
male and female, are produced. There is 
pistillode in the male flower, and stami- 
nodes are present in the female flower. 

3. There are one to two hypodermal 
archesporial cells in each lobe of a young 
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anther. The wall of the anther consists 
of five to six layers of cells. The tapetum 
comprises one to two layers and is of the 
secretory type. The pollen grains are 
shed at the two-celled stage. 

4. A few instances of ‘ polyspory ’ were 
observed. 

5. The ovule is bitegmic orthotropous 
and crassinucellate. The micropyle is 
formed by both inner and outer integu- 
ments and there is no early closure of the 
endostome. Vascular traces extend up 
to two-thirds of the length of the massive 
outer integument which is made up of 
12-14 layers of cells. 

6. The hypodermal archesporial cell 
functions as a megaspore mother cell after 
cutting off a parietal cell. The develop- 
ment of the female gametophyte is bi- 
sporic and of the Allium type. 

7. Not uncommonly the chalazal nuclei 
were observed to be smaller than the 
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micropylar nuclei at the four- and eight- 
nucleate stages of the embryo sac. 

8. The three antipodals are very ephe- 
meral and remain only as nuclei. 

9. Supernumerary nuclei of nucellar 
origin were sometimes seen in the embfyo 
sac. 
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Andhra University, Waltair, India 


Introduction 


There are only two genera in the Balsa- 
minae: Impatiens with more than 400 
species distributed in tropical and tempe- 
rate regions, and the monotypic Hydrocera 
restricted to the region extending from 
India to Java. While the embryology 
of a few species of Impatiens is known, 
Hydrocera has received no attention. 

Schnarf (1931) has summarized the 
previous work on the embryology of the 
Balsaminae by Schacht (1850), Jönsson 
( 1879/80), Guignard (1893), Brunotte 
(1900), Longo (1907, 1910), Raitt 
(1916), Ottley (1918), Carrol (1919), 
Lebon (1929), and Dahlgren (1927). 
Since then embryological studies have 
been made on Impatiens roylei ( Dahlgren, 
1934), I. balfourii ( Souèges, 1945) and 
I. glanduligera ( Steffen, 1946, 1951). 


The chief known embryological features 
of the Balsaminae may be summarized as 
follows: 

The tapetal cells in the anther form 
trabeculae and divide the microsporo- 
genous tissue into several groups. The 
divisions of the pollen mother cells are 
simultaneous and the pollen is 2-celled at 
the shedding stage. 

The ovule is tenuinucellate and biteg- 
mic. The primary archesporium consists 
of a single hypodermal cell which directly 
becomes the megaspore mother cell with- 
out cutting off a parietal cell. Both 
monosporic and bisporic 8-nucleate em- 
bryo sacs have been reported in the genus 
Impatiens. The antipodals are ephemeral. 

Fertilization is porogamous. 

The endosperm is of the cellular type. 
It consists of an aggressive micropylar 
haustorium, a middle large free nuclear 
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endosperm chamber and a chalazal endo- 
sperm tissue. 

The development of the embryo has 
been followed in detail in Impatiens bal- 
fourii (Soueges, 1945) and in Impatiens 
glanduligera (Steffen, 1946). In the 
former it conforms to the Geum variation 
of the Asterad type and in the latter to 
the Senecio variation. 

This paper deals with the life-history 
of Hydrocera triflora, an annual aqua- 
tic weed, bearing red globose succulent 
fruits. 

The material was collected from plants 
growing in fresh water ponds in the vici- 
nity of Kakinada (Andhra Pradesh ) and 
fixed in F.A.A. Customary methods of 
dehydration, infiltration and embedding 
were followed and sections were cut 
at a thickness of 5-15 u and stained in 
Delafield’s haematoxylin. 


Microsporogenesis and Male 
Gametophyte 


There are five stamens with short and 
broad filaments and the anthers are con- 
nate at the top of the ovary. A young 
anther consists of a uniform mass of 
meristematic cells. When the four-lobed 
condition becomes evident, a single hypo- 
dermal row of archesporial cells is formed 
in each lobe ( Fig. 1). They cut off an 
outer layer of primary parietal cells ( Fig. 
2). By periclinal divisions four wall 
layers are formed below the epidermis 
(Fig. 3). The innermost of these forms 
the tapetum and the outermost differen- 
tiates into the endothecium ( Fig. 4); the 
wall layers between the tapetum and the 
endothecium become crushed during deve- 
lopment. The anthers are connate and 
two loculi, each from two adjacent an- 
thers, fuse to form a common cavity 
containing the pollen grains ( Fig. 4). 

Simultaneously with the above changes 
the primary sporogenous cells undergo 
mitotic divisions and form the sporogenous 
tissue. Divisions in sporogenous cells stop 
with the differentiation of the tapetum. 

Here and there the tapetal cells begin 
to elongate and protrude into the sporo- 
genous tissue. They may divide and 
form sterile partitions which divide the 
sporogenous cells into islands. When the 
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nuclei of the pollen mother cells are in 
the first meiotic division, the tapetal 
nuclei divide once or twice and the cells 
become two to four nucleate (Fig. 5). 
During the second meiotic division the 
tapetal cells constituting the sterile parti- 
tions separate from one another and 
provide nourishment to the dividing pollen 
mother cells. The identity of the tapetal 
cells and the cells of the trabeculae is, 
however, not lost as their cell walls are 
still evident. The tapetal cells surround- 
ing the sporogenous tissue and from which 
the trabecular partitions take their origin 
remain at the periphery. These and the 
cells of the trabeculae degenerate by the 
time the pollen grains are 2-celled. 

A feature of interest is that the meiotic 
divisions in the different groups of pollen 
mother cells are not synchronous. Thus 
it is possible to observe almost all stages 
of meiosis in the same anther lobe. 
Meiosis is normal and eight bivalents were 
counted at diakinesis ( Fig. 6) confirming 
the earlier report by Schiirhoff ( 1937). 
Divisions in the pollen mother cells are 
simultaneous. Cytokinesis takes place 
by furrowing and the microspores are 
arranged tetrahedrally (Fig. 7). The 
pollen grains are tricolpate ( Figs. 8, 9) 
and the exine presents a reticulate appear- 
ance (Fig. 10). The pollen is shed at 
the 2-nucleate stage ( Figs. 8, 9). 


Ovary and Ovule 


The ovary is superior, five carpellary, 
syncarpous, and pentalocular with three 
pendulous ovules in each loculus. : The 
ovules are bitegmic, tenuinucellate and 
anatropous. The integuments are fused 
for most of their length and are free only 
in the upper region ( Fig. 13). The inner 
integument protrudes above the level of 
the outer. The micropyle is formed by 
the inner integument alone and points 
upwards. The innermost layer of the 
inner integument forms the endothelium 
( Fig. 14). The inner integument at its 
apex consists of a thin walled epidermis 
surrounding a core of thick walled tissue 
(Fig. .20). The nucellus is thin and 
elongated ( Fig. 13). No parietal tissue 
is formed in the ovule. At the chalazal 
region of the ovule there is a group of 
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_ Fics. 1-10 — Fig. 1. T.s. portion of anther showing primary archesporial cells. x 635. Fig, 2 
T.s. anther showing primary parietal and primary sporogenous cells. x 910. Fig. 3. T.s. anther 
lobe showing sporogenous cells and tapetal layer. x 465. Fig. 4. T.s. anther; adjacent locules are 
confluent. x 34. Fig. 5. L.s. part of anther lobe showing sporogenous tissue separated into groups 
by trabeculae (trv). x 240. Fig. 6. Microsporocyte at diakinesis stage. x 1300. Fig. 7. Same, 


showing cytokinesis. x 1100. Fig. 8. Pollen grain showing vegetative and generative cells. x 910. 


Fig. 9. Mature 2-nucleate pollen grain. x 910. Fig. 10. Pollen grain in surface view. x 910. 
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deeply staining cells connecting with the 
vascular bundle of the ovule. 


Megasporogenesis and Female 
Gametophyte 


The primary archesporium in the ovule 
consists of a prominent hypodermal cell 
(Fig. 11) which enlarges and directly 
functions as the megaspore mother cell 
( Fig. 12) as in Impatiens sultani ( Ottley, 
1918) and Impatiens roylei ( Dahlgren, 
1934). It is surrounded at the sides and 
above by the nucellar epidermis and below 
by an elongated strand of nucellar cells 
extending to the chalaza ( Figs. 13, 14). 
The nuclei of these cells differ from those 
of the surrounding tissue in being elong- 
ated and enucleolate and having only a 
number of small chromatic bodies ( Fig. 
14). This tissue persists till the 8-nu- 
cleate embryo sac stage ( Fig. 17). 

The division of the megaspore mother 
cell results in the formation of the dyad 
cells of which the upper is much smaller 
than the lower (Fig. 14). The latter en- 
larges in size and after three free nuclear 
divisions develops into an octonucleate 
embryo sac conforming to the Allium 
type ( Figs. 15-17). 

The antipodals are organized earlier 
than the egg apparatus, but are ephemeral 
(Fig. 18). The polar nuclei fuse just 
before fertilization and the secondary 
nucleus takes its position in the upper 
part of the embryo sac. 

The embryo sac consumes the surround- 
ing cells of the nucellar epidermis, and 
the strand like narrow nucellar portion 
below and finally reaches the base of 
the ovule (Fig. 18). Thus the mature 
embryo sac comes to lie in direct contact 
with the integumentary tapetum. 

Fertilization is porogamous. The pollen 
tube destroys one of the synergids and 
discharges its contents into it. Both 
synergids are obliterated, although one of 
them may persist for a time as a darely 
stained mass. 


Endosperm 


The primary endosperm nucleus lies in 
the upper part of the elongated embryo sac 
which is about 900 y in length and 17 win 
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breadth. Division of the primary endos- 
perm nucleus precedes that of the fertilized 
egg (Fig. 22). It is accompanied by the 
formation of a transverse wall dividing 
the embryo sac into a small upper and a 
very long lower chamber (Fig. 22). At 
first transverse walls are laid in the upper 
chamber forming a row of three superposed 
cells (Fig. 23). Similar transverse divi- 
sions also occur in the basal part of the 
lower chamber ( Fig. 24). At this stage 
three regions can be recognized in the 
endosperm; the upper row of three cells, 
a large central multinucleate chamber and 
a lower group of 3 or 4 superposed cells. 
At the micropylar end the uppermost cell 
of the row becomes elongated and enlarg- 
ed (Fig. 25). Further, it branches and 
serves as an aggressive micropylar haus- 
torium while the tissue developed from 
the cells below it surrounds the embryo 
( Fig. 27). Divisions also take place in 
the chalazal region of the embryo sac to 
form a cellular endosperm tissue ( Fig. 
26), the lower cell of which becomes elon- 
gated and slightly swollen and protrudes 
into the deeply staining cells of the ovule 
at the chalazal end (Fig. 26). It has 
dense protoplasmic contents, a hypertro- 
phied nucleus and is probably haustorial 
in function; it is, however, not so aggres- 
sive as the micropylar haustorium. 

The fully developed endosperm is thus 
differentiated into (1) an upper aggressive, 
branched, micropylar haustorium; (ii) a 
cellular endosperm tissue surrounding 
the embryo; (iii) a large middle free 
nuclear endosperm; and (iv) a chalazal 
endosperm tissue with its distal cell form- 
ing a small chalazal haustorium. 

A feature of interest is the occurrence 
of isolated endosperm nodules in the 
middle coenocytic chamber (Figs. 28, 
209) 


Embryo 


The fertilized egg ( Fig. 30) enlarges in 
size and its first division is transverse. 
The two celled proembryo consists of a 
terminal cell ca and a basal cell cb ( Fig. 
31). Cell cb divides transversely followed 
by a division in ca at right angles to it 
( Figs. 32, 33). The orientation of the 
spindle in ca ( Fig. 33) is oblique so that 


Fics. 11-21. (if, integumentary tapetum ) — Fig. 11. L.s. ovule showing hypodermal arches- 
porium. x 587. Fig. 12. L.s. ovule showing megaspore mother cell. x 293. Fig. 13. L.s. ovule 
showing position of megaspore mother cell near apex of nucellus. x 150. Fig. 14. L.s. Ovule showing 
dyad. x 587. Fig. 15. 2-nucleate embryo sac and degenerating upper dyad cell. x 587. Fig. 16. 
4-nucleate embryo sac. x 587. Fig. 17. 8-nucleate embryo sac. x 587. Fig. 18. L.s. ovule 
showing elongated matyre embryo sac. x 58. Fig. 19. Upper part of embryo sac. X 427. Fig. 20. 
L.s. ovule showing micropylar region. x 293. Fig. 21. T.s. portion of seed coat showing outer thick 
walled and inner thin walled layers. x 30, 
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the cell wall is inclined (Fig. 32). The : 


two daughter cells resulting from this 
division are unequal in size. A pro- 
embryo of four cells, arranged in three tiers, 
is thus formed (ci, m , q). Division in 
the larger of the two cells in the terminal 
tier takes place by a diagonal wall ( Fig. 
34), cutting off a triangular ‘ apical ’ cell 
which forms the epiphyseal initial ep. 
At the same time cz divides transversely 
to form two superposed cells and n’; 
m divides by an oblique ( Fig. 35) or a 
vertical wall (Fig. 36); and #’ divides 
transversely forming two superposed 
daughter cells, o and p (Fig. 37). At 
the time of division of the subepiphyseal 
cells, the epiphyseal cell also divides by 
a vertical wall (Figs. 38, 39). This 
division is followed by another at right 
angles to the first, resulting in a group of 
four cells. With further growth of the 
embryo, the dermatogen is differentiated 
in the subepiphyseal region and in tier m 
( Figs. 39, 40). Cell » divides longitudi- 
nally ( Figs. 39, 40), followed by trans- 
verse divisions in the subepiphyseal region 
resulting in an increase in the height of 
this region ( Fig. 41). Subsequently the 
two cells in tier » divide once again verti- 
cally forming four circumaxially arranged 
cells. Cells o and p again divide trans- 
versely forming a row of four cells, of which 
the daughter cell of o situated towards the 
side of the embryonal mass divides verti- 
-cally ( Figs. 42, 43). The derivatives of 
this cell contribute to the completion of 
the root apex and the formation of root 
cap, while the cells below it form a short 
suspensor. Before the root cap is fully 
formed the embryo proper becomes more 
or less globular (Fig. 44). The deri- 
vatives of the epiphyseal initial contribute 
to the stem apex and those of the subepi- 
physeal cells to the cotyledons. The 
hypocotyledonary region is formed by the 
derivatives of the cells m and #. The 
derivatives of the superior daughter cell 
of o complete the root apex and also form 
the root cap. As the embryo increases 
in size, the two cotyledons are differen- 
tiated. 

The following scheme shows the relation 
of the different organs of the mature 
embryo to the specific cells of the pro- 
embryo: 
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It is seen that the derivatives of both 
ca and cb of the two celled proembryo 
contribute to the formation of the embryo 
proper, thus conforming to the Asterad 
type of embryo development ( Johansen, 
1950). A short suspensor is present and 
is constituted by the derivatives of n’ 
only and an epiphysis is differentiated in 
the apical region of the embryo. These 
features characterize the Erodium varia- 
tion of Asterad type ( Johansen, 1950). 


Suspensor 


Fruit and Seed 


The fruit is a drupe with a five loculed 
endocarp, each locule containing a single 
seed. The brown outer region of the seed 
coat consists of thick walled cells ( Fig. 
21). The five loculi adhere ‘closely to 
each other and give the impression of a 
five seeded stone. The endosperm is 
completely consumed by the embryo in 
the mature seed. 


Discussion 


A noteworthy feature in the develop- 
ment of the anther in Hydrocera triflora 
is the behaviour of the tapetum. Early 
in the development of the anther, tapetal 
cells protrude into the sporogenous tissue 
in the form of trabeculae. They extend 
in various directions and separate the 
sporogenous tissue into a number of 
groups. Ottley (1918) has described the 
presence of similar sterile partitions in the 
sporogenous tissue of Impatiens sultant 
and considers them to be sterile sporo- 
genous cells. Developmental studies in 
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Hydrocera triflora clearly indicate that 


they arise from the tapetum and are thus 
of parietal origin. The mature pollen is 
2-celled and has three germ pores, but in 
Impatiens sultant four germ pores occur 
( Ottley, 1918). 
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Fics. 22-29 — Fig. 22. First division of primary endosperm nucleus. x 283. 
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The ovules in Hydrocera triflora closely 
resemble those of Impatiens and are 
tenuinucellate and bitegmic. The nucel- 
lus is scanty and the megaspore mother 
cell is confined to the upper region, while 
the lower part of the nucellus is in the 


Fig. 23. Four 


chambered endosperm ( upper row of three cells is derived from micropylar chamber). x 293. 
Fig. 24. Same, a row of three cells is formed in chalazal chamber also; note large size of lowermost 


cell. x 283. Fig. 25. Older stage in endosperm development with haustorium developed from | 
uppermost cell of micropylar row. x 160. Fig. 26. Micropylar and chalazal portions of embryo) 
sac showing formation of endosperm tissue; micropylar haustorium not represented; distal cell of 
chalazal endosperm tissue is haustorium-like. X 283. Fig. 27. Multinucleate micropylar haustorium. 
X 133. Fig. 28. Upper part of embryo sac showing cellular and free nuclear endosperm; note ‘ en-- 
dosperm nodules’ in chalazal chamber. x 95. Fig. 29. An ‘ endosperm nodule’. x 606. 


ryo. Figs. 30-43. x 880. Fig. 44. x 640. For 


Fics. 30-44 — Stages in development of emb 
abbreviations and detailed explanation, see text. 
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form of a long strand of thin walled cells 
which are consumed by the embryo sac 
during growth and development. A parie- 
tal cell is not cut off as is also the case in 
Impatiens sultani (Ottley, 1918) and 
I. roylei (Dahlgren, 1934) as pointed 
out by Ottley (1918). Raitt’s (1916) 
report of a parietal cell in J. pallida 
deserves confirmation. The integuments 
are fused for the greater part of their 
length as in species of Impatiens ( Ottley, 
1918; Dahlgren, 1934). Brandza ( 1891) 
reports only one integument in J. balsa- 
mina. Probably in this case the fusion 
extends throughout. Brunotte (1900), 
however, states that there are two integu- 
ments in the Balsaminae. In Impatiens 
pallida ( Raitt, 1916) and J. parviflora 
(Guignard, 1893) the integuments are 
distinct throughout. It is, therefore, prob- 
able that all gradations from the free 
to fused condition of the integument 
occur and a more comprehensive study 
of many species of Impatiens is. neces- 
sary. 

The embryo sac development in Hydro- 
cera conforms to the Allium type, a feature 
also found in Impatiens sultani ( Ottley, 
1918) and J. roylei (Dahlgren, 1934). 
In J. pallida Raitt (1916) reports the 
formation of four megaspores, but there 
is no illustration to support this. A Poly- 
gonum type of embryo sac occurs in 
Impatiens balsamina and I. fulva ( Schnarf, 
1931). There is thus variation in the 
type of embryo sac development in the 
different species of Impatiens. 

Endosperm development is similar to 
Impatiens roylei ( Dahlgren, 1934). It is 
characterized by the formation of an 
aggressive giant micropylar haustorium, 
a cellular endosperm tissue surrounding 
the embryo, a central free nuclear chamber, 
a small chalazal endosperm tissue, and 
a non-aggressive chalazal haustorium. A 
feature of special interest in the endosperm 
of Hydrocera is the formation of ‘ endo- 
sperm nodules’ in the free nuclear central 
chamber, a feature also observed in Jm- 
patiens roylei ( Dahlgren, 1934). Similar 
endosperm nodules have been previously 
reported in Musa errans (Juliano & 
Alcala, 1933 ), Impatiens roylei ( Dahlgren, 
1934) and Jsomeris arborea ( Billings, 
1937), but their fate is not definitely 
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known. According to Billings (1937) in 
Isomeris arborea the embryo arises from 
one of them, the embryo sac lacking a true 
egg and characterized by ‘a complete 
absence of polar nuclei and antipodals ”’. 
Maheshwari & Khan (1953) reinvesti- 
gated the same species and confirmed the 
occurrence of endosperm nodules but left 
the origin of the embryo as an open 
question. More recently Maheshwari & 
Sachar (1954) obtained some critical. 
stages refuting Billings’ theory of the 
endospermic origin of the embryo. 

The embryo of Hydrocera develops, 
according to the Erodium variation ( As- 
terad type) which also occurs in Erodium 
cicutarium ( Souéges, 1923), a member of 
Geranieae; in Balsaminae the Geum 
variation is recorded in Impatiens bal- 
fourit (Souéges, 1945) and the Senecio 
variation in J. glanduligera (Steffen, 
1946); and in the Oxalidae the Oxalis 
variation occurs in Oxalis corniculata 
(Souéges, 1939). The Asterad type of 
embryo thus seems to be generally charac- 
teristic of the family Geraniaceae. 

The fruit in Hydrocera is a drupe with 
a five seeded stone; in Impatiens it is a 
loculicidal capsule. The seed in both the : 
genera, however, is exalbuminous. 


Summary 


The life-history of Hydrocera triflora is 
described. The anther shows an epider- 
mis, two middle layers, tapetum and 
sporogenous tissue. Trabecular partitions 
arise from tapetal cells dividing the 
sporogenous tissue into several groups. 
The tapetal cells are uninucleate to start 
with but later become 2- or 4-nucleate. 
The pollen grains show three germ pores 
and are shed at the 2-nucleate stage. 

The ovules are tenuinucellate, bitegmic 
and anatropous. 

The hypodermal archesporium cell in 
the nucellus directly becomes the megas- 
pore mother cell. Embryo sac develop- 
ment follows the Allium type. The 
mature embryo sac is narrow and elon- 
gated. Fertilization is porogamous. 

The first division of the primary endo-- 
sperm nucleus is followed by wal forma- 
tion resulting in a small micropylar and | 
a large chalazal chamber. The former“ 
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undergoes further transverse divisions to 
form a row of four cells of which the 
uppermost containing the zygote protrudes 
through the micropyle and forms a large 
multinucleate haustorium. In the chala- 
zal part of the embryo sac also an endo- 
sperm tissue is formed whose distal cell is 
swollen and seems to be haustorial. 
“ Endosperm nodules’ containing a few 
nuclei are not infrequent. The cells be- 
tween the chalazal and micropylar cham- 
bers divide and give rise to a cellular 
endosperm tissue in which the embryo 
is situated. 
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The embryo develops according to the 
Erodium variation of the Asterad type. 

The fruit is a drupe with a five seeded 
stone. The seed coat shows an outer zone 
of sclerotic cells and an inner zone of 
parenchymatous cells. The mature seed 
is exalbuminous. 

The embryological features of. Hydro- 
cera triflora have been compared with 
those of the investigated species of Im- 
patiens with which they closely agree. 
There is need for further investigations 
in the genus Impatiens as precise informa- 
tion is lacking in respect of some details. 
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Knowledge of Prothalli of Lycopodium 


A lack of available material rather than 
any lack of interest on the part of investi- 
gators has been the limiting factor in past 
investigations into the growth and deve- 
lopment of the gametophytic plant of 
Lycopodium. The difficulty of growing 
spores, at least of the species of temperate 
climates, has made complete investigation 
of the growth of the prothallus from the 
time of germination until maturity diffi- 
cult, and the botanist has had to rely 
mainly upon the rare chance findings of 
prothalli in nature, hoping that enough 
information could be found to give a more 
or less complete picture of their growth. 

We owe much of our present knowledge 
of Lycopodium prothalli to four investi- 
gators, Treub ( 1884, 1886, 1888a, 1888b, 
1890a, 1890b, 1890c), Goebel ( 1887), 
Bruchmann ( 1885, 1898, 1908, 1910), and 
Lang (1899), who in the period from 
1880 to 1910 described in detail the pro- 
thalli of 11 species of Lycopodium and 
in the case of several species were able 
to describe completely or in part the 
development of these prothalli from the 
spores. 

Treub (1884) grew spores of L. cer- 
nuum L., a pan-tropical species, on glazed 
tile to a stage at which the gametophytes 
had formed antheridia. With these pro- 
thalli and others which he found abun- 
dantly in nature he was able to give an 
excellent description of the prothallus 
from spore germination to maturity. 
Upon germination of the spore, which 
split open at the triradiate groove, a 
spherical group of cells, 8-10 cells in dia- 
meter, was produced which then gave 
rise to a filament, the primary tubercle, 
which was at first a single row of cells. 
These cells subsequently divided in diffe- 
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rent planes to form a stout cylindrical 
mass twice the diameter and about 
5 times as long as the original primary 
tubercle. Branches arose profusely from 
the top of this cylinder and antheridia 
and archegonia were formed at or near the | 
bases of these branches. Treub stated 
(1884) that the prothallus developed 
no further than the primary tubercle stage 
unless it was invaded by and became asso- 
ciated with an endophytic fungus. This 
fungus, though necessary to the growth 
of the prothallus in nature, did not occur 
in any great amount in terms of both the 
extent of infection per cell and the number 
of cells infected and was confined to the 
basal portion of the prothallus. The pro- 
thallus grew superficially on the soil, was © 
green and was photosynthetic throughout 
its relatively short life. 

The prothallus of L. phlegmania L., as 
described by Treub (1886), was quite dif- 
ferent from that of L. cernuum. Treub 
was unable to grow gametophytes of this 
species from spores, but found that the 
gametophytes reproduced themselves by 
means of two types of vegetative budding. 
These “ buds” when broken from the 
parent prothallus developed into the rami- 
fying system of small cylindrical branches 
which characterized the prothallus. The 
sex organs were borne on these branches 
and the whole prothallus was heavily asso- 
ciated with an endophytic fungus. The 
prothallus lived a saprophytic existence 
under the humus and rotting bark of trees, 
epiphytic itself and giving rise to epi- 
phytic sporophytes. 

The prothallus of L. inundatum L. which 
Goebel ( 1887) described from specimens 
found in nature was very much like that of 
L. cernuum. Goebel found enough young 
prothalli to describe the early develop- 
ment of the gametophyte. Though there 
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was no primary tubercle stage as found in 
L. cernuum, in L. inundatum, the basal 
portion of the prothallus developed more 
directly from an initial spherical body and 
never from a filament of cells — the result- 
ing mature gametophyte was very similar 
to that of L. cernuum, being a superficial 
green prothallus with a basal portion con- 
taining a small amount of endophytic 
fungus and a branching crown with an- 
theridia and archegonia at the bases of 
these branches. 

The remaining temperate species, first 
described by Bruchmann (1898, 1908, 
1910), in contrast to L. inundatum, and 
the tropical species described by Treub, 
had gametophytes of quite a different 
type. He was able to grow L. clavatum 
L., L. annotinum L., and L. selago L. 
from spores on soil. However, his des- 
criptions of older prothalli were based 
on those which he found in nature. 

The spores of L. clavatum and L. anno- 
tinum did not germinate immediately, 
taking 6-7 years to germinate. By this 
time they had slowly sifted down in the 
soil to depths of 3-10 cm. The very 
early stages of development of L. clavatum 
and L. annotinum were similar to those of 
L. cernuum and L. inundatum until the 
endophytic fungus, which must, accord- 
ing to Bruchmann (1910), enter the 
gametophyte at the 8- or 9-celled stage, 
invaded the prothallus. The prothallus 
became quite complex in its internal 
structure with the fungus occupying 
definite layers of tissue rather than being 
distributed haphazardly through the basal 
‘portion as in L. cernuum and L. inunda- 
tum. These layers were characterized by 
different degrees of fungal infestation. 
The outer single layer of cells had no 
fungus except in the rhizoids; beneath 
this was a layer of small cells, 3-4 cells 
deep, with a heavy infestation of intracel- 
lular fungus. This was followed by a layer 
of elongate, palisade-like cells oriented so 
that their long axis was perpendicular to 
the surface and less heavily infested with 
intracellular fungus than the layer external 
to it. Internal to the palisade layer he 
found a layer of cells 8-10 cells deep in 
which the endophytic fungus penetrated 
between the cells but not into the cells 
of the prothallus. The remaining cells, 
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about half of the entire bulk of the 
prothallus internal to the fungal layers, 
consisted of large parenchyma cells. The 
dorsal surface of the prothallus was 
composed of smaller cells and formed the 
generative layer from which the sex 
organs arose. The whole gametophyte 
took on the aspect of a flattened top, 
with the fungus inhabiting layers beneath 
the surface of the conical bottom of the 
prothallus, the sex organs developing in 
the top surface. The rim of the top part 
of the prothallus was meristematic and 
expanded outward, often giving an old 
prothallus a convoluted appearance. L. 
clavatum and L. annotinum had prothalli 
which, as described, were entirely sapro- 
phytic in their mode of existence. They 
possessed no chlorophyll, being yellow or 
brownish in appearance; they were mas- 
sive structures, up to 15 mm in dia- 
meter, growing deep in the soil and tak- 
ing a long time to develop and mature; 
they need 12-15 years to produce sex 
organs, according to Bruchmann. 

In the case of L. complanatum L., 
Bruchmann found that the internal or- 
ganization of the prothallus of this species 
was much the same as that found in L. 
clavatum. He stated, however, that the 
method of growth was different. Here 
the meristematic region was restricted to 
a neck-like area, setting off a carrot-like 
structure beneath the neck, in which was 
found the endophytic fungus in layers 
corresponding to those in L. clavatum. 
There was formed above the neck an over- 
lying branched crown bearing the anthe- 
ridia and archegonia. The prothallus 
was thus vertically rather than hori- 
zontally oriented as in the case of L. 
clavatum and L. annotinum. Bruchmann 
did not grow L. complanatum from spores. 

Bruchmann found that L. selago had a 
wider range of expression than the other 
temperate types he described. They vari- 
ed from prothalli more or less conical in 
shape with the fungus confined to a wide 
band of cells 12-15 cells deep just beneath 
the outer layer, with an inner zone of 
parenchyma, and with sex organs inter- 
mixed with hairs on the upper surface, 
to long vertically oriented cylindrical 
prothalli with the fungal hyphae distri- 
buted more or less throughout the entire 


206 


structure and sex organs distributed ran- 
domly over the entire upper half of this 
cylinder. Occasionally these gameto- 
phytes became quite branched in habit; 
this he attributed to the varying den- 
sity and type of soil. The prothalli of 
L. selago grew much less deeply in the 
soil than those of L. clavatum, L. anno- 
tinum or L. complanatum, being found on 
the surface and up to 3 cm deep in the 
soil. Those prothalli which developed on 
the surface of the soil acquired chlorophyll 
whereas those below the surface remained 
colorless and maintained a saprophytic 
mode of existence. Bruchmann was able 
to grow prothalli of L. selago from spores 
and found that somewhat less time was 
required than in the cases of L. clavatum 
and L. annotinum for germination and 
maturity. The spores of L. selago germi- 
nated in 3-5 years and produced antheri- 
dia and archegonia in 6-8 years. 

Bruchmann (1898), in considering his 
own work on L. selago, L. complanatum, 
and L. clavatum as well as Treub’s work on 
L. cernuum and L. phlegmaria and Goebel’s 
work with L. inundatum, recognized that 
all the then known prothalli of Lycopo- 
dium could be divided into five distinct 
types represented by the prothalli of L. 
clavatum (type 1), L. complanatum ( type 
2), L. selago (type 3), L. inundatum 
(type 4), and L. phlegmaria (type 5). 
He then proposed that since these groups 
were so different and since he believed that 
there was evidence of a long course of 
independent evolution, there must have 
been a separation of these groups at a 
very ancient period. Thus he felt that it 
would be better to consider these not 
merely as just groups of the genus Lyco- 
podium, which could be separated on the 
basis of their prothallial structure, but as 
genera, and proposed that the genus 
Lycopodium be separated into five new 
genera and be given new names on the 
basis of the five groups of prothalli. 
Prothalli of other species described earlier 
by Treub ( 1888a, 1888b ) as well as those 
described by subsequent investigators 
(Edgerly, 1915; Chamberlain, 1917; 
Spessard, 1917; and Holloway, 1919, 
1920; Stokey & Starr, 1924; Eames, 
1942) can be placed in these same five 
categories, 
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Lang (1899) admitted that Bruch- 
mann’s hypothesis was a possible one; 
however, he felt that it was even more 
probable that these 5 types of prothalli 
were not as distinctly separate as might 
appear. He pointed out that L. cernuum 
and L. inundatum prothalli could be re- 
garded as being primitive with the pro- 
thallus of L. selago intermediate between 
the photosynthetic L. cernuum and the 
saprophytic L. clavatum and L. compla- 
natum types. The L. selago type when 
growing at the surface of the ground 
was green and did not differ too greatly 
from the L. cernuum type of prothallus. 
However, when below the surface, it 
was saprophytic and provided a link 
to the saprophytic types. The L. phleg- 
maria type was also, according to Lang, 
somewhat similar to the L. selago type in 
that the difference between its ramifying 
cylindrical branches and the cylindrical 
forms of L. selago was in reality just one 
of diameter, with those of L. phlegmaria 
smaller but still of the same basic mor- 
phology as those of L. selago. Lang 
further pointed out, and it is very im- 
portant in the light of this investigation, 
that the generative parts of the prothalli : 
were all very similar, the only real diffe- 
rences occurring in the vegetative por- 
tions. 

In order to investigate problems con- 
cerning the form of these gametophytes, 
it is necessary to be able to grow prothalli 
from spores at will — especially those of 
L. selago and those of a more completely 
saprophytic species such as L. clavatum 
or L. complanatum. It is apparent that 
these spores germinate with difficulty in 
nature, though they are produced abun- 
dantly. The gametophytes which occur 
at great depths in the soil, 10 cm or more, 
must have come from spores some years 
old, as it would seem that it must take 
time for the spores to work down to 
such a depth. Bruchmann’s germina- 
tion times of 3-5 years in the case of L. 
selago and 6-7 years in the case of L. 
clavatum and L. annotinum obtained by 
germinating spores on soil at once indicates 
the time involved and the difficulty with 
which spores of these species germinate. 

Bruchmann, Barrows ( 1935a ) and other 
workers have suggested that the difficulty 
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in the germination of Lycopodium spores 
may well be due to the thickness and the 
cutinized nature of the spore wall. Many 
of the known stands of Lycopodium game- 
tophytes, as mentioned in botanical lite- 
rature, have been found in areas where 
some drastic action has occurred in nature, 
as for example, a forest fire (Eames, 1942 ifs 
In such cases it may be heat which alters 
the heavily cutinized spore coat, thereby 
allowing water entry; in other cases, it 
may be that frost action may serve the 
same end over a longer period. 


Growth of Prothalli in vitro 


Prothalli of L. cernuum ( Fig. 11) were 
first grown from spores in vitro by Wet- 
more & Morel (1951). In this case, the 
spores germinated without drastic treat- 
ment and yielded prothalli quite similar 
to those described by Treub. Spores of 
our native species, however, refused to 
germinate in culture when treated in vitro 
in the same manner as the relatively thin- 
walled spores of L. cernuum. It was found 
necessary to employ special methods to 
facilitate entry of water into the thicker- 
walled temperate species to bring about 
their germination. 


Material and Methods 


Spores of the species L. complanatum, 
var. flabelliforme Fernald, L. obscurum L., 
and L. selago were collected in the fall at 
a time when the spores were just about 
to be shed. They were then stored in a 
refrigerator until used. A great variety 
of treatments of spores were invoked in 
efforts to alter the spore wall enough to 
allow germination before planting in vitro 
for culture. Of these treatments, the 
following were found to facilitate germi- 
nation: treatment with concentrated 
H,SO, for 5 minutes followed by several 
rinses with distilled water; scarification 
of the spores by grinding them with a 
small amount of sand in a mortar with a 
bit of detergent added to wet the spores; 
placing the spores with a small amount 
of detergent and water in a 40°C. oven for 
a ten-day period; and centrifuging the 
spores at 1250 g. for 10 minutes with 
water. The spores were then sterilized 
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with ethanol and placed in tubes contain- 
ing a liquid medium of Moore’s solution 
of half strength with 1 per cent sucrose. 
Moore’s solution was made up by adding 
the following to 1 liter of double-distilled 
water: 


NH,NO, 500 mg. 
KHZPO, 200 mg. 
MgsSO,.7H,O 200 mg. 
CaCl, 75 mg. 


In addition, 10 mg. of ferric citrate and 
1 ml. of trace element solution were added. 
The trace element solution ( Nitsch, 1951) 
was composed of the following, modified 
by the addition of 25 mg. of CoCl, per liter 
of double-distilled water: 


H,SO, (Sp. gr. 1-83) 0-5 ml. 


MnSO,.4H,O 3 gm. 
ZnSO,.7H,0 500 mg. 
H,BO, 500 mg. 
CusO;.5H.0 25 mg. 
Na,MoO,.2H,O 25 mg. 
CoC], 25 mg. 


When the prothalli were large enough to 
handle (4-6 weeks after germination ), 
they were transferred to a full strength 
Moore’s medium with 1 per cent sucrose 
and 0-8 per cent agar. They were then 
transferred from time to time when it was 
felt that their increase in size warranted 
change to larger tubes and fresh medium. 


Observations 


Spores of L. complanatum collected in 
New Hampshire, U.S.A., germinated when 
any one of the treatments previously men- 
tioned was applied. Spores collected in 
the 1954 season germinated in the winter 
of 1954-55 and equally well two years 
later. There is apparently no required 
cold period for after-ripening before germi- 
nation nor does their viability decrease 
over a period of several years. However, 
spores of L. complanatum, collected from 
other locations, have so far failed to grow 
when treated in exactly the same manner, 
though it is possible that the spores were 
immature: this possibility is being checked. 

The spores of L. selago germinated 
readily when treated with sulphuric acid 
and also when scarified with sand. No at- 
tempt was made with other treatments on 
the spores as those available were limited 


208 


in quantity, and they germinated reason- 
ably readily with the methods tried. 

L. obscurum was treated in a variety of 
ways. However, it was only with the acid 
treatment that any germination was ob- 
served — and this only after a long period 
of time. Five months were required for 
the germination and even now, almost 
a year after their germination they are 
only two or three mm in length and have 
as yet produced no sex organs. 

Sections of this material reveal a mass 
of undifferentiated cells, slightly larger 
and more vacuolated towards the center 
of the mass, and more densely filled with 
cytoplasm externally. More chlorophyll is 
present in the peripheral cells, except for 
those making up the outermost two or 
three layers. These outermost cells are 
dead and appear to be sloughed off. There 
are a few rhizoids present which emanate 
from the outermost living layer of cells. 
The material in culture and in section has 
a lobed appearance and these lobes in 
culture tend to break off from the parent 
mass of cells and form separate masses of 
cells which then increase in size and 
become duplicates of the parent masses. 
There is no marked increase in size of any 
individual mass of cells beyond a certain 
point, as these soon break up to form 
smaller masses. This material has all the 
aspects of a callus, and, since it has main- 
tained this form for more than a year, 
there seems little hope that it will alter in 
its growth habit. Study must be given 
to this species in an attempt to under- 
stand why young spore-produced masses 
proliferate rather than increase in size 
and give rise to sex organs. 

The spores of L. selago and L. compla- 
natum germinated much more rapidly than 
those of L. obscurum, and indeed the 
development of the prothalli of L. selago 
and L. complanatum in culture is so similar 
that they may be described together. 
Approximately six weeks from the time 
of planting, green spots can be noticed 
among the yellow spores. These are the 
developing prothalli, which soon develop 
numerous chloroplastids even when as 
small as 4 cells in size. The young pro- 
thalli are at first almost round ( Figs. 1, 2) 
but, when they reach a slightly older stage, 
they can be seen to possess a definite apical 
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cell, which is much less filled with chloro- 
plasts than others (Fig. 3). Divisions 
from the base of this apical cell produce 
the cells of the filament. Slightly older 
prothalli (Figs. 5, 6, 7) may possess 
several branches or filaments. These are 
apparently produced by formation of new 
apical cells from daughter cells recently 
set off from the original apical cell so that 
the filaments appear in clusters at the top 
of the original mass. Branches may also 
develop from more basal areas of the pro- 
thalli (Figs. 4, 7), from cells not so 
recently set off from the original apical 
cell. Thus the prothallus very soon be- 


comes a branching structure and these … 
branches soon thicken, becoming more … 


than one cell thick (Fig. 8). At about 
this stage or occasionally at one slightly 
younger (Fig. 5), the first rhizoids begin 
to develop at the basal end. These may 


be distinguished from young branches of | 


the prothallus, not only by their position, 
but by their tendency to stain with 
neutral red even when so small as to be 
just mere protuberances. 

The prothallus continues to grow by the 
apical cells of the branches cutting off new 


cells which add to their length, and by : 


occasionally setting off other cells which 
become apical cells forming new branches. 
Thus the entire structure is a branching 
one, the older branches becoming thicker 
( Figs? 9,10). 

When the prothalli have reached a size 
of about 2 mm from the initial spore to 
the tip of the longest branch ( about 4-5 
months after germination ), the sex organs 
begin to develop. The antheridia develop 
first, usually near the bases of secondary 
branches, but later distributed over the 
entire prothallus except on the smallest 
branches. These antheridia, as far as 
has been determined, develop in the 
manner described by Bruchmann for these 
species. When mature they are compar- 
able to the antheridia of naturally growing 
gametophytes ( Figs. 15, 17) except that 
they are somewhat smaller in size and 
consequently produce fewer sperm per 
antheridium. Like their natural counter- 
parts they are one cell layer beneath the 
surface and generally do not protrude 
above the surface of the prothallus. The 


smaller size of the antheridia on cultured * 


Fics. 1-8 — Stages in the development of the young prothallus of L. complanatum. Note 
ıdhering spores. x 200. Figs. 1, 2. Small spherical prothalli. Fig. 3. The vertical extension 
of the prothallus with an apical cell. Figs. 4-7. Branching prothalli. Note rhizoids ( Fig. 5). 
Fig. 8. The stage at which branches have thick lobes. Rhizoids are obscured by adhering spores. 
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prothalll may be due to the smallness of 
the prothallial branch within which the 
antheridia develop. The fleshy mass of 
the naturally growing prothallus is con- 
ducive to the formation of larger antheri- 
dia while in cultured material the more 
‘slender branching form of the gameto- 
phyte appears to develop antheridia less 
large than those reported from nature. 

The archegonia, as found on cultured 
gametophytes of L. selago and L. compla- 
natum, are, in contrast to the antheridia, 
quite different from those on naturally 
growing gametophytes. The protruding 
neck of the archegonium in cultured pro- 
thalli of both species is only two cells 
long and there is but one neck canal cell, 
one ventral canal cell, and the egg ( Fig. 
16). In the prothalli of L. selago growing 
in nature ( Bruchmann, 1898 ), the arche- 
gonium has 6 neck canal cells, and a much 
longer neck. In L. complanatum and L. 
obscurum (Fig. 14), again the neck is 
longer in nature, there being 8-14 canal 
cells present. Though the archegonia are 
thus reduced in size in culture, actually 
as a result of a reduction in length of neck 
and neck canal, there is no reason to as- 
sume that they are non-functional from a 
morphological point of view at least. 
They appear to open normally in the pre- 
sence of water when mature, with the cells 
of the neck spreading outward. 

The antheridia, too, burst when placed 
in water, and sperm may be observed 
escaping from the antheridia and subse- 
quently swimming about in the water. 
The sperm will remain reasonably active 
‘for up to an hour. In no case, however, 
have the sperm been seen to swim down 
the neck of an archegonium in these two 
species, though considerable attempt has 
been made to observe this occurrence. 
There is every reason to believe that this 
occurs as sporelings develop a short time 
after the cultures have been flooded with 
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ample sterile water to facilitate fertiliza- 
tion ( Fig. 13 ); the problem seems to rest 
on the difficulty of recognizing mature 
archegonia so as to detect their opening. 
It is too much a chance observation other- 
wise, and so far the phenomenon has 
escaped detection except in two cases in 
L. cernuum. 

The archegonia, which develop some- 
what later than the antheridia, on a single 
prothallus, are also scattered generally 
over the surface of the gametophyte. 
There is some tendency for archegonia to 
be nearer the tips of the branches than the 
antheridia, but this is not necessarily 
always the case. In rapidly growing cul- 
tures, which have been recently transfer- 
red, the number of archegonia is approx- 
imately equal to the number of antheri- 
dia. However, in crowded cultures, which 
have not been transferred for some time, 
the number of antheridia, in proportion 
to the number of archegonia, becomes 
quite high. This is due to a reduction of 
the number of archegonia produced. In 
very old cultures, one may have difficulty 
finding any archegonia at all. When 
transferred, however, such cultures will 
again produce antheridia and archegonia 
in approximately equal numbers on the 
new growth. 

In an attempt to determine what caused 
these prothalli to assume the branching, 
green form already described, several 
simple experiments were performed to see 
if any tendencies toward the massive form 
described by Bruchmann for naturally 
growing prothalli could be observed. 
Gametophytes placed in the dark became 
more filamentous than those in the light 
(Fig. 12). They also produced rhizoids 
in much greater numbers. Pushing the 
prothalli shghtly below the surface of the 
medium had no effect on form, those 
growing on the surface in light remaining 
the same as those growing below the 


Fics. 9-13 — Fig. 9. A mature prothallus of L. complanatum. 
Fig. 10. A small piece of a prothallus of L. complanatum dissected apart to 
Fig. 11. Prothalli of L. selago, L. complanatum, and L. 


and rhizoids. x 24. 
show the branching habit. mm. scale. 


cernuum showing the identity of their habits im vitro. X 2. ; 
natum as grown in the dark with its finer, more filamentous branches. x 24. 
of L. complanatum bearing many sporelings. X 23. 


Note the profusion of branches 


Fig. 12. The gametophyte of L. compla- 
Fig. 13. A prothallus 


Fics. 14-17 — Fig. 
neck and several neck canal cells. 
250), Big, 
right 


250. 


the left is open 250. Fig. 17. Antheridia 


The material is somewhat shrunken in fixation. 


medium in light, and those in the dark 
becoming more filamentous whether on 
or below the surface. 

Increasing concentrations of sucrose 
does tend to make the branches of the 
prothalli thicker to a degree; however, 
there is no loss of the branching tendency, 
and the basic form of the prothallus is 
not much altered. Thus the problem of 
the shape of prothalli of L. selago and L. 
complanatum in culture does not seem to 


14. An archegonium of L. 


vs 


aa fe 


m 


th 


obscuvum as it occurs in nature with its long 


Fig. 15. Antheridia from naturally growing L. obscurum. 
16. Archegonia of a cultured prothallus of L. 
has not yet opened and shows the egg, the ventral 
characteristic of these archegonia when the prothalli are grown in vitro. 


complanatum. The archegonium to 
canal cell, and the one neck canal cell 
The archegonium to 


from a cultured prothallus of L. complanatum. 
250. 
involve environmental factors of the 


ordinary type. 


Discussion 


The problem of spore germination seems 
to be primarily one of water entry into 
the spore itself. Bruchmann ( 1898, 1910 ) 
and other workers ( Liistner, 1898; Kes- 
sler, 1914; Fleischer, 1929; and others ) 
have considered the wetability of Lyco- | 
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podium spores. Liistner classified the 
spores of Lycopodium into three types: 
(1) “ Netzsporen ”’— those spores having 
an outer wall covered with reticulate 
ridges, (2) “ Tiipfelsporen ’’— those spores 
having knob-like protrusions from the 
surface, and (3) a transitional type with 
a very fine ridged pattern. L. complana- 
tum, L. annotinum and L. clavatum fall in 
the first category, L. selago and L. phleg- 
maria into the second, and L. cernuum and 
L. inundatum into the last category. 
Those spores with a ridged sculpturing 
are most difficult to wet, while the less 
sculptured spores of L. cernuum and L. 
inundatum are more easily wetted. How- 
ever, it is difficult to believe that the 
wetability of spores could account for such 
vast difference in germination times be- 
tween species in nature. The answer may 
well lie in the physical or the chemical 
structure of the wall itself rather than 
the topography of the spore surface. 

Though various attempts have been 
made to determine the composition of the 
spore wall (see Barrows, 1935 a) by means 
of histochemical techniques, about all 
that can be said at present is that the 
outer layer is of a waxy nature. How- 
ever, electron microscopy has given some 
idea of the structure of the wall. Afzelius 
et al. (1954) describe the spore wall 
of L. clavatum as consisting of an inner 
granular layer and an outer layer of con- 
centric iamellae. These lamellae do not 
extend around the whole surface, but 
overlap each other. The spore wall struc- 
ture was compared to that of the mega- 
‘spore wall of Selaginella selaginoides. In 
the case of this species of Selaginella, the 
wall is much thicker than that in Lyco- 
podium, and is of a reticulate nature. No 
attempt has been made to ascertain the 
chemical nature of the spore walls in this 
investigation. At any rate, the layered 
structure of the spore wall might perhaps 
be a clue to the impervious nature of 
Lycopodium spores to water. More work 
is necessary here by techniques not yet 
tried — by electron microscopy, by histo- 
chemical studies, etc. 

The drastic treatments which are needed 
to cause the germination of the spores are 
themselves indicative of the difficulty of 
causing water to enter the spore. Treat- 
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ment with concentrated H,SO,, in addi- 
tion to an unknown effect on the spore 
wall, has a dehydrating effect upon it 
which must also serve to cause water to be 
vigorously taken up by the spore when it 
is returned to water. If the spores are 
treated with acid and then placed under 
the microscope, it can be seen that some 
of the spores are so dehydrated as to be- 
come somewhat flattened and misshapen. 
Upon addition of water, however, the 
spores very quickly “ swell ” back to their 
normal size. Thus it is possible that the 
sulphuric acid treatment, after acting 
upon the wall, initially “‘ withdraws’’ some 
water from the spore, and when water is 
added after this initial dehydration, more 
water is imbibed by the spore wall and 
even by the spore protoplast within than 
was present initially. It is certain that 
such treatment results in the death of 
many spores, as the percentage of spore 
germination is extremely low, probably 
less than one per cent. Many spores are 
under-treated by such a process. How- 
ever, in the range of effects which the acid 
has on the spores, due to the packing of 
the spores and hence varying contact with 
the acid, some of the spores fall in a range 
of chemical modification of wall as to 
allow them to germinate. 

The scarification treatment must in- 
volve mechanical injury to the spore wall 
structure. Observation of the spores after 
treatment in this manner shows that 
pieces are chipped from the wall surface 
and some spores have been observed to 
have small fragments of sand ( or chips of 
glass from the mortar) driven into the 
walls. Here again the spores are affected 
by the treatment to random degrees, but 
some have the spore walls mechanically 
eroded or fractured so that water can 
enter and germination proceed. 

The heat treatment at 40°C for 10 days 
is not so well understood, but it is con- 
ceivable that the heat might alter the 
structure of the wall by expansion and | 
possibly with some separation of its com- 
ponent structural units. Centrifuging the 
spores possibly caused water entry in part 
through mechanical action as the spores 
are forced together in the bottom of the 
tube, and in part by centrifugal pressure 
of water upon the spores. 
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Though the action of the treatment may 
prove to be on the wall itself, it.is more 
likely that water entry is through the tri- 
radiate groove of the spore rather than the 
spore wall proper. This groove which 
opens as the spore germinates is un- 
doubtedly the weakest part of the spore 
as it is the last part to be covered by a 
wall. However, before germination, it 
is tightly closed in the Lycopodium species 
studied. Examination of sectioned spores 
seems to indicate that there is no cement- 
ing substance in this groove, but that the 
groove is held shut by pressure of the lips 
of the groove upon one another. It 
appears as though the tight closure of the 
triradiate groove might be correlated with 
the thickness and elasticity of the spore 
wall itself. Thus the effects of all these 
treatments might well be to injure the wall 
enough to cause a slight relaxation or con- 
tortion of the lips of the groove and the 
water might enter by passing directly 
through the groove, rather than passing 
through the wall itself. There is some 
evidence for this, in that after acid treat- 
ment some distortion of the triradiate 
groove can be observed in a certain per- 
centage of the spores. 

This idea would explain in part the 
reason for the spores of our temperate 
species being so much more difficult to 
germinate than those of tropical species, 
such as L. cernuum, for example. The 
basic wall thickness is approximately the 
same for all species of Lycopodium, both 
tropical and temperate, being about 1 y 
thick, not including the sculptured part of 
the wall. However, in those with ridged 
or reticulate sculpturing ( Netzsporen ), 
the ridge may add as much as 1-5 u to the 
thickness in the case of L. obscurum, 4 u. 
in the case of L. complanatum, and 5 u in 
the case of L. clavatum. From a purely 
mechanical standpoint the spores of this 
type would be much stronger than those 
having little external sculpturing. Thus 
the spores of our native species could be 
more resistant to any treatment which 
might weaken the wall mechanically or 
otherwise, thereby causing the ultimate 
distortion of the triradiate groove and al- 
lowing water to enter through this region. 

The problem of spore germination is 
not entirely one of water entry however. 
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Spores from different locations are not 
equally viable. This has been found to 
be the case with L. complanatum, in which 
spores collected from a large stand of this 
species in New Hampshire have germinat- 
ed under a variety of treatments and condi- 
tions. These treatments have been re- 
peated at the same time and under the 
same conditions on spores of the same 
species which were collected from three 
different stands of L. complanatum, var. 
No germination has been 
observed in spores from these stands. 
Investigation of the spores from these 
locations, as well as the spores of other 
species which have failed to germinate, 
have shown that as many as 75 per cent 
of these spores have large crystals ( raphi- 
des). In no case, where crystals have 
been observed, have the spores germinated. 
These crystals might well indicate that 
such spores are not viable for some physio- 


logical reason and that the plant may be | 


disposing of unusuable material in this 
manner. It seems possible that in some 
cases, at least, spore germination is not 
merely a question of water entry, but one 
of spore viability as well. 


The fleshiness of gametophytes in nature : 


may be correlated with the heavy infesta- 
tion of endophytic fungus. The rule in 
nature seems to be that, with the excep- 
tion of prothalli of the L. phlegmaria type, 
more fungus is present in the prothalli of 
the more fleshy type. In the natural- 
ly occurring gametophytes of the L. cer- 
nuum type one finds a small amount of 
endophytic fungus. L. salakense Treub 
( Treub, 1888) has no fungus present at 
all, and the others, e.g., L. cernuum and 
L. inundatum, have only a small amount 
of fungus in the basal portion of the pro- 
thallus. The basal portion of these game- 
tophytes is somewhat fleshy in the pre- 
sence of the fungus, but the remainder of 
the prothallus in both L. cernuum and L. 
inundatum has no fungus, is not fleshy and 
the prothalli exhibit the branching struc- 
ture already described. 

L. selago is intermediate, both in form 
and amount of fungus, between the green, 
branching L. cernuum type and the fleshy, 
completely saprophytic L. clavatum and 
L. complanatum types. The endophyte 


in L. selago is confined to a specific area in : 
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the base of the gametophyte, but is not 
nearly as prevalent as in L. clavatum or 
L. complanatum. The wide range of form 
of the L. selago prothalli, from those 
resembling the L. cernuum type in the 
sense that they are green and may even 
be somewhat branched to those which 
are subterranean and saprophytic, serves 
to exemplify their intermediate nature. 

It is indeed fortunate that, of the species 
so far germinated in culture, there are 
represented prothalli of all three degrees 
of endophytic relationship in nature; L. 
cernuum as grown by Wetmore & Morel, 
L. selago, and L. complanatum. It is 
difficult to explain the very similar habits 
of these prothalli in culture ( see Fig. 11) 
by any other means than that they have 
all grown 7m vitro under like condition of 
light and nutrition and all in the absence 
of the fungus. They are so very much 
like one another that even those ex- 
perienced in their observation would find 
it difficult, if not impossible, to say which 
species was which on the basis of the 
prothalli alone. The early stages of pro- 
thallial growth of both L. selago and L. 
complanatum are also very similar to those 
described by Treub and Goebel for L. 
cernuum and L. inundatum respectively. 
If one considers Lang’s ( 1899) statement 
that the generative portions of the pro- 
thalli of Lycopodium are really not so 
different from one another and that the 
basal portions of the prothalli represent 
the real differences between them, one can 
then offer some interpretation for the 
appearance and similarity of these pro- 
thalli in culture. Without the presence 
of a fungus those prothalli apparently do 
not differentiate a basal portion, which 
in a saprophytic condition is always 
formed in its association with a fungus, 
but instead produce only the essential 
generative portion of the prothallus which 
in vitro is unlimited in its growth so long 
as it is transferred from time to time to 
fresh medium. 

In all previous reports in the literature 
( Treub; Bruchmann; DeBary, 1858; Bar- 
rows, 1935b, etc.) the entrance of the fungi 
into the gametophyte must occur at a cer- 
tain stage, it is stated, or the prothallus will 
stop its development at that stage. This 
may vary with the species, but is usually 
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at about the time the prothallus ranges 
from 4to 12cellsinsize. Bruchmann (1910) 
points out that the entry of the fungus is 
at the basal cell of the young prothallus. 
In culture the prothalli continue their 
development without the endophyte. This 
is most probably related to the presence 
of sucrose in the medium. The circum- 
stances may be similar to those encountered 
in the germination of orchids from seeds, 
in which case Knudson (1922) has re- 
ported that if sugars were added to the 
medium, there was no need to inoculate 
the cultures with a fungus as previously 
described by Burgeff (1909). This tech- 
nique has been successful in practice. 

Attempts to make a more direct ap- 
proach to the fungus problem have thus 
far been unsuccessful. Prothalli of L. 
selago and L. complanatum, when removed 
from culture and planted in presumably 
infected soil, were promptly over-run by 
fungi of all sorts. Methods involving a 
more gradual introduction of cultures of 
prothalli to the rigors of nature have so 
far been unsuccessful. The difficulty of 
obtaining naturally occurring prothalli 
from which to isolate the fungus has made 
any experiments involving inoculations of 
the cultures with endophytic fungus im- 
possible. It remains, sooner or later, 
upon the availability of naturally occurring 
prothalli, to isolate the fungus and in- 
oculate cultures of in vitro grown prothalli 
to study the effect of the endophytic 
fungus upon the habits of the prothallus 
in culture. 

Though the work presented in this 
paper has involved an exclusive use of 
prothalli cultured in vitro, one cannot 
dismiss the habits of these gametophytes 
as being just cultural phenomena. The 
prothalli have, after all, the same genetic 
complement as their natural counterparts 
and their expression of habit 2 vitro must 
fall in a range of possible natural expres- 
sions. It is not difficult to account for 
the difference in form between in vitro 
prothalli of L. complanatum and L. selago 
and the natural forms of these prothalli 
as described in the literature. If water 
were to enter the spores of L. complanatum 
early in nature before the spores were to 
shift deeply into the soil, and the spores 
germinated instead upon the soil surface, 
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the prothalli would be green, photosyn- 
thesizing structures. If such were the 
case, then one wonders how obligate the 
relationship with the endophytic fungus 
would be in nature, for a prothallus capable 
of photosynthesis would not become as 
extensively involved with a fungus which 
according to all reports is present at least 
partially because of the saprophytic exist- 
ence which the subterranean prothallus 
must maintain. The difference in form 
between prothalli cultured zn vitro and 
those reported in nature may be due to 
the timing of spore germination which 
determines whether the spore will germi- 
nate in the light as it does in culture or 
beneath the soil as it does in nature; and 
also due to the extent to which the endo- 
phytic fungus becomes associated with 
the prothallus. 


Summary 


Although spores of L. complanatum and 
L. selago germinate only rarely in nature, 
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as is indicated by the few reports of game- 
tophytes in botanical literature, spores 
may be germinated in vitro through rather 
drastic treatment of the spores before 
placing them in culture. It is suggested 
that such treatment chemically or mecha- 
nically alters the spore coat causing a 
distortion of the spore and a subsequent 
opening of the triradiate groove which 
allows water to enter the spore. The 
relative impermeability of the spore coat 
to water may limit the germination of 
spores from some species of Lycopodium in 
nature. The prothalli of L. complanatum 
and L. selago in vitro are green, branch- 
ing structures quite unlike the massive, 
fleshy prothalli described for these species 
in nature. These two native species 7m vitro 
resemble more the tropical L. cernuum in 
habit. It is possible that the endophytic 
fungus may be a due to the fleshiness 
of these naturally occurring gametophytes. 

This investigation has been supported 
in part by a grant from the National 
Science Foundation to one of the authors. 
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FLABELLIFORME FERNALD AND I. SELAGO L. IN VITRO 
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Early Embryology 


The techniques already developed for 
the study of cultured gametophytes ( Free- 
berg & Wetmore, 1957) make available 
large quantities of material for investiga- 
tions of the development of the sporelings 
of Lycopodium. In the past, studies of 
sporeling development have been even 
more limited than studies of the gameto- 
phytic stage. 
difficult to find in nature, but the young 
stages of sporeling development are found 
with even less frequency. Often the only 
clue to the presence of subterranean game- 
tophytes of the L. selago, L. clavatum, or 
L. complanatum type is the existence of 
rather mature sporelings which project 
above the surface of the ground. Thus 
in the case of these types, at least, the 


Not only are the prothalli : 


finding of the young stages is a chance 
process at best, with the investigator 
trusting mostly in finding young stages on 
the prothallus. 

In the case of the L. cernuum type, 
where the prothallus grows superficially, 
the investigator has the advantage of 
being able to see what he is searching for 
and watch its subsequent development. 
Thus it is not surprising that the embryo- 
logy of sporelings from this prothallial 
type is the best documented in the liter- 
ature. But even in superficial types, 
only 5 species have been reported with 
sporelings. 

The normal development of the embryo 
and young plant of Lycopodium in nature 
follows two patterns. The first involves 
a protocorm and was first described by 
Treub (1884, 1890) for L. cernuum L. 
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At an early stage, the embryo consists of 
a suspensor and two tiers of cells ( 4 cells 
in each). The suspensor remains short 
and the tier of cells nearest the suspensor 
develops into the foot. The foot does 
not develop extensively into the pro- 
thallus, but remains a small structure. 
The outer tier of cells gives rise to the 
protocorm which develops externally, 
connected to the prothallus only by the 
suspensor and slightly developed foot. 
The protocorm is at first a roughly spheri- 
cal mass of cells which are from the very 
beginning well supplied with chloroplasts. 
Thus the photosynthetic activities of the 
protocorm enable a very early, at least 
partial, independence from the prothallus 
of the young sporeling. The protocorm 
then begins to develop leaves on its dorsal 
surface. These Treub termed protophylls 
as the first of these possesses no vascular 
tissue; the leaves formed at a slightly 
later stage, though possessing vascular 
tissue themselves, have no vascular con- 
nections with each other in the protocorm 
proper. The protocorm develops rhi- 
zoids, mainly on its ventral surface. It 
continues to develop outward from the 
prothallus, becoming cylindrical in shape 
until it bears 5-10 protophylls. Then 
from the distal end, a young sporeling, 
like that of other lycopods, develops, with 
the apex and young leaves forming first 
and the primary root a short time after 
the vegetative apex. This primary root 
is, according to Treub, exogenous in origin, 
and very soon is corinected to the develop- 
ing vegetative apex of the stem by vas- 
cular tissue. The young sporeling is then 
complete and develops into the mature 
sporophyte. Subsequent investigators 
{Goebel 1887, Treub 1888, Chamberlain 
1917, Holloway 1920) have found this 
same type of development, involving the 
protocorm, in other species having the 
L. cernuum type of prothallus, viz., L. 
inundatum L. ( Goebel), L. salakense Treub 
( Treub ), L. laterale R. Br. ( Chamberlain ), 
and L. ramulosum T. Kirk ( Holloway ). 
The well-developed protocorm is known 
only from prothalli of the L. cernuum type, 
though Treub (1886) reported that in 
some cases L. phlegmaria L. had a rudi- 
mentary protocorm. It would appear, 
however, that this is exceptional; the 
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development of the young sporophyte | 


from the prothalli of the L. phlegmaria 


type does not seem to be usually of the | 


protocormous type, but is of the second 
or more direct type involving the foot 
alone. 


This second type with its greater deve- | 
lopment of a foot is characteristic in spore- | 
lings from prothalli of the L. phlegmaria, | 


L. selago, L. clavatum and L. complanatum 
types. In L. phlegmaria (Treub 1886) 
and L. selago L. ( Bruchmann 1898, 1910 ) 
the foot is more developed than in Z. 
cernuum. In these species, the foot is 
produced from the entire tier of cells 
next to the suspensor as in L. cernuum. 


However, the stem apex, the first leat — 
and the primary root arise directly from 
the terminal tier of cells, with no inter- 


vening protocorm stage. 
It is in L. clavatum L. and L. complana- 
tum L., according to Bruchmann ( 1898, 


1910), that the foot becomes really ex- 


tensive. Here the early development of 
the embryo is essentially the same as in 
the preceding types described except that 
the foot develops extensively into the 
prothallus, becoming spherical in shape. 


This occurs before the stem apex and two : 


pairs of leaves appear. The root develops 
somewhat later than the stem apex. 
Thus the sporeling is delayed in its forma- 
tion until the extensive development of 
the foot has occurred. 

Lang (1899) presumed the protocorm 
to be primitive, since it occurs in the 
development of sporelings from gameto- 
phytes of the L. cernuum type. Also, the 
fact that it had been known to occur from 
prothalli of the L. phlegmaria type was. 
further proof to him that prothalli of this. 
type and the closely related L. selago type 
were akin to the primitive L. cernuum 
type. He pointed out that the absence 
of a protocorm is correlated with the 
subterranean habit of these prothalli, 
and that the reason the foot remains: 
rather small in the L. phlegmaria and L. 
selago tÿpes may be associated with the: 
ability of the young leaves to reach the» 
light early, become green and be capable » 
of photosynthesis, as both these prothalli | 
exist only slightly below the surface of 
the soil. On the other hand, sporelings 
developing from the L. clavatum and the 


4 
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L. complanatum types of prothalli develop 
extensive feet, a situation related to the 
greater depths at which these prothalli 
have been collected than those of L. 
phlegmaria or L. selago. , The sporelings 
are unable to reach light early in their 
development and are therefore dependent 
upon the gametophyte for a much longer 
period. It could be that, morphogeneti- 
cally, these conditions favour the deve- 
lopment of the larger foot and that 
only those which acquire this tendency 
survive. 

If Lang is correct in these assumptions, 
it would seem reasonable to expect that 
the protocorm might be involved in the 
development of the sporelings of L. 
cernuum, L. selago and L. complanatum in 
vitro. It has already been shown that 
prothalli of these species are identical in 
culture ( Freeberg & Wetmore, 1957), all 
being photosynthetic structures somewhat 
resembling L. cernuum as it occurs in 
nature, and their sporelings are all able 
to reach light early under cultural condi- 
tions, thus achieving an early indepen- 
dence from the gametophyte. 

APOGAMY — Winkler (1908) defined apc- 
gamy as the formation of a sporophyte 
directly from vegetative cells of the game- 
tophyte. The term is also extended to 
include any portion of a sporophyte which 
originates from ordinary vegetative cells 
of the gametophyte. Similarly, apospory 
is the formation of a gametophyte or any 
part of a gametophyte from vegetative 
cells of the sporophyte. This terminology 
is that generally accepted in the literature 
(see Steil, 1939), and it must be kept in 
mind that apogamy as thus defined is 


distinct from parthenogenesis, which in- 


volves formation of the sporophyte from 
an unfertilized egg. 

Among the vascular cryptogams, apo- 
samy is known to occur in the ferns, 
where it is found naturally; it can also be 
induced (Steil, 1939; Manton, 1950). It 
has been reported once by Lyons ( 1904) 
for Selaginella, in which she stated that in 
Selaginella rupestris she observed that the 
embryo may originate from the initial 
cells of the archegonium. Several species 
of Selaginella have been reported as par- 
thenogenetic however ( Steil, 1939). Apo- 
samy has, as far as can be determined, 
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neither been found to occur naturally nor 
been induced in the genus Lycopodium. 

Farlow (1874) was the first to report 
apogamy in the ferns. Without going 
into great detail, there are two major 
features of apogamy in ferns, as he and 
subsequent writers described it, which are 
worth mentioning in connection with 
apogamy as it has been found in Lyco- 
podium. First, apogamous sporelings 
arise from outgrowths in the region of the 
apical notch. The prothallus thickens 
considerably in this area and gives rise to 
one or more cylindrical projections, each 
of which develops into a sporeling. This 
development is thus from a region of the 
prothallus which is meristematic. Second- 
ly, Farlow stated that it is very difficult 
to determine exactly where the prothallus 
ends and the sporophyte begins. 

In regard to conditions governing the 
induction of apogamy in ferns, Lang 
( 1898) in a careful series of experiments 
showed that lack of enough water for 
fertilization may be one of the causes of 
apogamy. He also pointed out that, with 
direct illumination, apogamy was more 
likely to occur. Duncan ( 1941) suggests 
that greater illumination may cause an 
increased production of food material; 
this may aid the thickening of the pro- 
thallus and generally increase its meriste- 
matic activity, and thus may encourage 
apogamous development of the fern spore- 
ling. ; 

These factors may apply as well to 
Lycopodium as to the ferns, with some 
modifications, because of the different 
construction of the prothalli of these 
groups. 


Material and Methods 


Prothalli of L. complanatum var. flabel- 
liforme Fernald, and L. selago were grown 
from spores in vitro as described by Free- 
berg & Wetmore (1957). Prothalli of 
L. cernuum were obtained from the cultures 
of Wetmore & Morel ( 1951). These have 
been sub-divided and transferred fre- 
quently since that time, being maintained 
on the same medium of Moore’s solution, 
1 per cent sucrose, and 0-8 per cent agar, 
which was used for the cultures of pro- 
thalli of L. complanatum and L. selago. 
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As sporelings were produced by the pro- 
thalli of all three species, these were 
examined to determine whether their 
origin was sexual or apogamous. When 
it was discovered that all the early spore- 
lings developed apogamously, several 
simple experiments were performed in an 
attempt to determine some of the factors 
involved. Prothalli of all three species 
were transferred to media containing 
varying amounts of sucrose — 0, 1, 2, 
4, 6 and 8 per cent to find whether this 
would influence the number of apogamous 
sporelings produced. Prothalli of all 
three species were also transferred to a 
medium of Moore’s solution, 1 per cent 
sucrose, and 0-5 per cent agar, allowed to 
grow for two weeks, and then flooded with 
sterile water in an attempt to determine 
whether the amount of water available in 
the stock cultures was enough to allow 
fertilization to take place. 


Observations 


Sporelings were produced by the pro- 
thalli of ZL. selago approximately six 
months after the germination of the spores. 
In the case of L. complanatum, it was ten 
months before sporelings appeared. The 
prothalli of L. cernuum have produced 
sporelings continuously for at least six 
years. In all three species, an examina- 
tion of the sporelings indicates that they 
are apogamous in origin. There are two 
types of apogamous growths present in 
these cultures; one involves the production 
of a complete sporophyte, and the other, 
the production of single, isolated sporo- 
phytic leaves from the gametophytic 
tissue. 

The occurrence of single leaves, though 
found on prothalli of all three species, was 
more frequent on prothalli of L. compla- 
natum. These leaves exhibited a range of 
form: (1) more or less irregular outgrowths 
of the prothallus which, though long and 
leaf-like, were distorted in shape and 
could be distinguished from prothallial 
tissue only in that a very definite epider- 
mis with stomata was present; (2) leaves 
that were shaped in the typical needle- 
like fashion characteristic of Lycopodium 
( Fig. 3). These leaves, when sectioned, 
exhibit the characteristic epidermal cells, 
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stomata, and elongate parenchyma cells 
of a normal leaf. However, in leaves 
arising singly from the prothallus in this 
manner, no vascular tissue has yet been 
observed. Thus these leaves resemble 
the early protophylls described by Treub 
(1884, 1890) which occur on the proto- 
corm of L. cernuum in that they are leaf- | 
like in shape and have stomata, but | 
possess no vascular tissue. 

The production of an entire sporeling — 
(Figs. 1, 2) is much more common than | 
the occurrence of single leaves, and occurs 
in all three species. The origin of the 
sporophytic apex is quite clear in some 
cases. Frequently, one can find what | 
appears to be a sporophytic apex on the © 
tip of a gametophytic branch (Fig. 5). 
This apex is surrounded by leaf primordia — 
in the typical sporophytic fashion. Sec- — 
tioning of this same apex ( Fig. 6) leaves | 
no doubt as to its sporophytic character. 
Such meristems never occur in the nor- — 
mal course of prothallial growth — the 
branches of the prothallus grown in vitro 
normally increase in length through the 
activity of a single apical cell as pointed 
out by Freeberg & Wetmore (1957). 
Unfortunately stages intermediate be- . 
tween the apical cell of the gametophyte 
and the sporophytic apex ( Fig. 6) have 
not been found, but it may be reasonable 
to assume that the gametophytic branch 
thickens and that the apical cell through 
anticlinal divisions gives rise to the sporo- 
phytic apex. 

Though the surface layers of this apex 
( Fig. 6) are well formed and leaf prim- 
ordia are present, it is to be noted that as 
yet there is no initial differentiation of 
vascular tissue in the stem. Consequently 
the apex is giving rise to leaves, but 
there is no indication of differentiation of 
tissues below the apex. It is apparent 
that when the sporophytic apex is formed 
it does not immediately achieve its full 
potentiality. This becomes obvious when 
an attempt is made to determine the 
exact transition between sporophyte and 
gametophyte. 

In all three species, L. complanatum, 
L. cernuum, and L. selago, the transition 
between gametophyte and sporophyte is 
a gradual one ( Figs. 2, 4, 7, 8,9). The 
first change observed is one of cell shape. 
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The cells take on an elongate form as 
opposed to the more or less isodiametric 
shape of the gametophytic cells. This is 
especially apparent in sectioned material 
(Figs. 8,9). Concomitant with the elon- 
gation of the parenchyma cells, an epi- 
dermis appears. This may be distin- 
guished from the external layer of the 
gametophyte in that the cells not only 
become more elongate in shape, but deve- 
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lop the thicker wall characteristic of 
sporophytic tissue. This is apparent in 
surface view (Fig. 4). Stomata occur in 
this epidermis. 

The first leaves produced are essentially 
of the protophyll type. The epidermis 


with its stomata is present, but no vas- 
cular tissue is found in these leaves ( Fig. 
7). Thus they are very similar to those 
which are formed independently on the 


Fies. 1-4 — Fig. 1. 
ymplanatum. Mm. scale. 
af of apogamous origin in L. complanatum. 


»orophytic epidermis, but possess no vascular tissue. Mm. scale. 


Apogamous development of sporelings from the gametophyte of L. 
Fig. 2. Apogamous sporelings of L. selago. Mm. scale. ngl 
Such leaves have stomata and a characteristic 


Fig. 3. A single 


Fig. 4. Apogamy in L. selago. 


ote that the first formed leaves are irregular in appearance and arrangement, frequently being 
orne on one side of the axis at first before a regular phyllotactic pattern is established. Mm. scale, 
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prothallus. Leaves nearer the apex of 
the sporeling have vascular tissue, though 
it may not connect with that in the stem. 

Beyond these leaves, the sporeling is 
complete. Vascular tissue is present, 
though it seldom penetrates into the 
transition zone between the prothallus 
and the completely developed sporeling. 
The root is late in developing and is ad- 
ventitious. The most basipetal adventi- 
tious root develops first and usually at a 
point near the basal end of the vascular 
tissue of the stem ( Fig. 7). Roots may 
later arise at intervals above this initial 
root ( Fig. 9). 

Usually, once the stele is present in the 
sporophyte, the sporeling could be con- 
sidered a normal sporophyte in all respects. 
However, in some cases the transition 
from gametophyte to sporophyte is not 
so regular as that described above, and 
various anomalous conditions arise. The 
most notable of these is a condition which 


occurs when the apex of the sporophyte : 


is apparently only half-formed at first. 
In this case, the plant which emerges may 
be half sporophyte with a vascular cylin- 
der and leaves produced laterally on one 
side of the plant only; on the remaining 
half of the upright axis gametophytic 
lobes are produced laterally in place of 
leaves. These lobes, which have sex 
organs, are covered with rhizoids as is the 
entire side of the plant which remains 
gametophytic. Such growth may conti- 
nue for a distance of a centimeter or more 
before the plant becomes wholly sporo- 
phytic. This is admittedly an extreme 
case, but it is fairly common in a less ex- 
treme form in which an occasional game- 
tophytic lobe with antheridia can be 
found coming from the transition zone 
between sporophyte and gametophyte in 
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an area otherwise inhabited by proto- 
phylls. 

Attempts to see if the amount of apo- 
gamy induced could be increased or de- 
creased by varying the sucrose concen- 
tration indicate that the latter has no in- 
fluence in Lycopodium cultures. 

In order to determine whether the 
amount of water in the cultures was limit- 
ing fertilization, prothalli of L. complana- 
tum, L. selago, and L. cernuum were plant- 
ed in petri-plates with a medium contain- 
ing only 0-5 per cent agar. Two weeks 
later these prothalli were flooded with 
sterile distilled water to a depth of about 
5 mm enough to cover the lower half of 
the prothalli. About 2 months after 
flooding these prothalli, sporelings were 
produced in abundance. Most of these 
originated at or below the surface of the 
water. By careful dissection of these 
sporelings it was found that all possessed 
a foot and had, therefore, arisen through 
normal fertilization. 

The sexually produced sporelings of all 
three species developed through a proto- 
corm stage. These were not similar to 
the rather extensive protocorms des- 
cribed by Treub ( 1890) for L. cernuum in 
nature, but identical to the more reduced 
protocorm described by Goebel ( 1887) 
for L. imundatum. Instead of having 
several protophylls, as Treub described, 
only one protophyll developed from the 
bulbous base of the protocorm before the 
development of the sporeling itself began. 
This single protophyll was termed a coty- 
ledon by Goebel. The bulbous base of 
the protocorm was covered with rhizoids. 
As in the early normal embryology of L. 
cernuum ( Treub, 1890) and L. inundatum 
( Goebel, 1887), the primary root of L. 
selago, L. complanatum and L. cernuum in 
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Fics. 5-9 — Fig. 5. The beginning of the apogamous development of a sporophyte from the 


tip of a gametophytic branch in L. cernuum. x 22. 


Fig. 6. A section of the same apex ( Fig. 5). 


Leaf primordia are present, but there is no differentiation of vascular tissues below the apex. 
x 240. Fig. 7. A cleared apogamous sporeling of L. cernuum derived from the tip of a gameto- 


phytic branch. x 8. 


section of the same sporeling ( Fig. 8). 


Fig. 8. A section 50 u from median through an apogamous sporeling of L. 
complanatum with an antheridium (arrow) visible in the basal portion. x 15. 


Fig. 9. Median 


Note the gradual transition between elongate cells of 
the sporophyte and the more or less isodiametric cells of the gametophytic tissue. 


Note also the 


formation of an adventitious root on the sporeling. x 26. 


“ow 


224 


culture was late in developing. From 15 
to 20 leaves were produced by the stem 
apex before the primary root began to 
develop. Taken by itself, the idea that 
L. complanatum and L. selago develop pro- 
tocorms in a young stage might be con- 
sidered surprising. However, in the light 
of the fact that the gametophytes of these 
species are similar in culture to gameto- 
phytes of species normally possessing a 
protocorm, this does not seem unusual 
and in fact might even be expected. 

The young sporelings of L. complanatum, 
L. selago and L. cernuum are difficult 
to distinguish from one another in vitro. 
L. selago has perhaps slightly longer leaves 
and has a somewhat coarser appearance 
than the other two species ( Figs. 10, 11). 
It is notable, however, that L. complana- 
tum, which in the adult form in nature is 
characterized by the scale-like, spirally- 
arranged leaves giving a dorsiventral sym- 
metry to the branches, by contrast, when 
grown in vitro bears needle-like leaves in 
a radially symmetrical manner ( Figs. 11, 
12, 15 ), giving it an appearance much like 
that of L. selago and L. cernuum in culture. 
The needle-like leaves persist in culture, 
with no sign of any marked reduction in 
size nor change in shape indicative of the 
adult scale-like form found in nature. It 
is not yet determined how old a plant 
must become before the adult habit of 
rhizome and leaf form is achieved. 

The branching of the sporelings of all 
three species is dichotomous. When the 
sporelings are young, the dichotomies are 
equal, but as the sporelings get larger the 
dichotomy of the stems of L. complanatum 
and L. cernuum becomes more and more 
unequal ( Fig. 15) until one can distin- 
guish a terminal and lateral branches. 
In L. selago, however, the dichotomies 
have remained more or less equal with no 
tendency to produce the branching system 
characteristic of L. complanatum and 
L. cernuum in culture. This incidentally 
is the habit of L. selago in the wild. 

Budding occurs readily on all three 
species in culture. In fact, the best way 
to propagate the sporophytes in culture is 
to clip off the terminal apices of the sporo- 
phytes while transferring them to fresh 
medium. When this is done, budding 
occurs from the stem axis, most commonly 
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at a point about one to two centimeters 
below the cut portion. By separating the 
budding stems and placing them on new 
medium the material may be successfully 
propagated in culture. Usually two or 
three buds are produced on the stem, but 
on occasion, especially after the apex is 
cut off or otherwise damaged, a great mass 
of buds may arise at this point giving the 
plant a very bushy appearance ( Fig. 16). 
Buds also occur occasionally from the 
stem without the terminal bud being 
damaged and may also be produced from 
the roots. These buds on L. complana- 
tum, L. selago, and L. cernuum, all develop 
through a stage very similar to the proto- 
corm as described by Treub ( 1884, 1890 ) 
in the early development of L. cernuum 
sporelings in nature. Such buds, whether 
on stem or root, originate as spherical 
protrusions from the surface. Rhizoids 
are produced on the lower surface with a 
few reduced protophylls on the upper 
surface. The bud itself then arises from 
the distal portions of this protocorm-like 
growth. The bud often consists of root 
and shoot and may rarely form just the 
root. There are then two distinct ways 


of adventitious root formation in vitro — | 


those which arise directly from the stem, | 


and those which originate less frequently 
from the protocorm-like type of bud. 

L. complanatum exhibits an additional 
type of budding 7m vitro, which has not 
yet been found in the case of L. selago or L. 
cernuum. Buds may arise from the leaves 
of L. complanatum ( Figs. 13, 14). These 
buds also exhibit a modified protocorm-like 
development with rhizoids and proto- 
phylls arising from outgrowths on the leaf 
surface. Such budding has only been found 


when the terminal bud dies in the culture. « 
In an examination of sporophytic mate- — 


rial of L. complanatum one example of 


possible apospory was found. The sporo- 
phyte ( Fig. 17), which was of apogamous ~ 


origin, has an outgrowth of apparent 
gametophytic tissue about half way up 
the stem. This tissue arises from the 
stem, bears rhizoids, but it has as yet 
developed no sex organs. The rhizoids 
themselves are no criterion for the out- 
growth being gametophytic, as the occur- 
rence of rhizoids generally on the proto- 


corm-like outgrowths of buds indicates # 
h 
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that sporophytic tissue of Lycopodium may 
also bear rhizoids. However, the habit 
of this outgrowth is decidedly gameto- 
phytic and this is probably a case of 
apospory. 


Discussion 


There seems little question that the 
apogamy exhibited by this Lycopodium 


Figs. 10-13 — Fig. 10. An apogamous sporeling of L. selago as grown in vitro. 
. An apogamous sporeling of L. complanatum. 
edle-like leaves. x 24. 


othallus. x 24. 
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material in culture fits Winkler’s ( 1908 ) 
definition. However, it must be pointed 
out that, unlike the ferns, where the 
presence of rhizoids is useful in determin- 
ing whether or not tissue is gameto- 
phytic or sporophytic, rhizoids are of no 
ultimate value in establishing whether 
or not Lycopodium material is gameto- 
phytic or sporophytic. Rhizoids of a type 
identical to those found on Lycopodium 


x 24 Fig. 


Note the root with its nodules and also the 
Fig. 12. Several apogamous sporelings of L. complanatum from the same 
Fig. 13. An early stage in budding from the leaves of L. complanatum. 


At this 


age the leaves are covered with fleshy protuberances which have rhizoids; each might be con- 


dered a protocorm-like stage of a bud. x. 3. 


Fics. 14-17 Fig. 14. 


have | 


branches 


apex. Mm. scale Fig 


tissue 


een removed to show better the nature of the buds. Mm. scale. 
sporophyte of L 


\n older stage of the same budding ( 


Fig. 13). Some of the leaves 

Fig. 15. An older branch of a 
complanatum as grown in culture showing the development of a main axis with side 
3 Fig. 16. Budding from the stem of L. compl 


planatum after damage to the terminal 
g. 17. A sporophyte of L. complanatum with an outgrowth of gametophytic 
this is presumed to be a case of apospory. x 22. 
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gametophytes in culture may also be 
found on the sporophyte at certain stages 
in its early development. It is, therefore, 
only in conjunction with other charac- 
teristics, such as the presence of sex 
organs, that rhizoids may be used as a 
criterion of the gametophytic phase. 

The origin of sporophytic apices arising 
apogamously can clearly be shown to 
occur at the tips of gametophytic branches 
or filaments. It seems likely, in the case 
of sporophytes which appear to have 
arisen from the sides of a gametophytic 
branch, that their origin is also from the 
tip of a side branch which has very early 
undergone conversion to a sporophytic 
apex. With the second type of apogamy 
in which a leaf may arise singly from the 
gametophyte, the change must be much 
more specific than that occurring when an 
entire sporeling is produced, since there is 
no appreciable difference in the manner 
of growth of a leaf and a gametophytic 
branch. Both involve the activities of 
an apical cell. 

Workers studying apogamy in ferns 
(Farlow, 1874; Lang, 1898; Duncan, 
1941; Manton 1950; and others) have 
pointed out that generally apogamy deve- 
lops from the meristematic regions of the 
fern prothallus. The same may be said 
to be true in the case of Lycopodium, 
though here, due to the entirely different 
organization of the prothallus of Lyco- 
podium in vitro, the meristematic regions 
are at the tips of cylindrical branches 
rather than in the notch and cushion areas 
as found in fern prothalli. It must be 
noted too that in Lycopodium, as in the 
ferns (Farlow, 1874; and others), the 
transition between gametophyte and 
sporophyte is a gradual one. It is dif- 
ficult, if not impossible, to draw an 
exact line between the prothallus and the 
sporeling. 

Though no extensive cytological investi- 
gations have been made on this apogamous 
material as yet, the chromosome number 
remains unchanged in the transition from 
gametophyte to sporophyte. Cytological 
work on Lycopodium is somewhat handi- 
capped by the high chromosome numbers 
found in some species of Lycopodium. 
L. selago is one of the worst offenders in 
this respect and Manton (1950) says of 
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this species, “ In actual fact this species 
is, in my experience, the worst cytological 
object that I have ever encountered, and 
in the unequal contest between cytologist 
and plant, the plant has in this case so far 
won handsomely ”’. 

Partanen* (1957) has, however, by 
microspectrophotometric measurement of 
the Feulgen reaction, made a study of the 
relative amounts of DNA in gametophytic 
and sporophytic nuclei from the apoga- 
mous L. selago material. By measuring 
one-half of an anaphase in the gameto- 
phytic material he was able to determine 
the unduplicated amount of DNA in 
gametophytic nuclei. All of the values 
measured in the gametophyte were at 
this level. In sporophytic nuclei, measur- 
ed in an actively growing apex, he found 
that the DNA level ranged from the 
unduplicated gametophytic level to the 
duplicated gametophytic level. This is as 
would be expected in an actively divid- 
ing apex where DNA synthesis is going on 
in numerous nuclei. Thus quantitative 
DNA determinations of gametophytic and 
sporophytic nuclei fall in the same range 
of ploidy, and it seems most likely that 
this is at the haploid level although there 
is no way of determining for certain with 
this method whether a haploid or diploid 
level is involved. 

Several attempts were made to remove 
prothalli and sporelings of all three species 
from culture and grow them in pots. 
This was done especially with L. compla- 
natum with a view toward seeing whether 
the unusual leaves of L. complanatum 
in vitro would maintain their cultured form 
or turn to the scale-like shape characteris- 
tic of this species in nature. Though 
great care was taken in exposing the plant 
gradually to the rigors of a non-sterile and 
relatively dry existence, the plants proved 
to be extremely frail and did not survive 
for more than a week. Their extreme 
sensitivity may have been due in part to 
their haploid condition, if such is indeed 
the case, as this was done with sporelings 
of apogamous origin. Continued attempts 


*Through personal communication. The author 
would like to express his gratitude to Dr C. R. 
Partanen, Biological Laboratories, Harvard Uni- 
versity, for his co-operation in making observa- 
tions for this study. 
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will be made to grow both the normal 
sporelings and those of apogamous origin. 

The apogamy described for L. compla- 
natum, L. selago and L. cernuum in culture 
is certainly of the induced sort, as the 
species will reproduce in a normal sexual 
manner in nature and in culture. They 
are, when grown in culture, subject to 
ideal growing conditions. Lang (1898) 
suggests that one of the factors controlling 
apogamy in ferns is the amount of illumi- 
nation, greater than normal illumination 
causing apogamy. Duncan (1941) sup- 
ports this belief and further suggests that 
the increased light causes increased food 
production in fern prothalli and that the 
resulting vigorous growth of the prothallus 
is a factor in apogamy. Certainly, the 
Lycopodium prothalli grown in vitro as 
described and illuminated for 12 hr./day 
are similarly growing at an optimum rate. 
Prothalli raised in the dark produced only 
an occasional apogamous sporeling, where- 
as those in the light produced such spore- 
lings in great numbers on identical media. 

However, the most important single 
factor influencing induced apogamy is un- 
doubtedly the prevention of fertilization. 
This has been pointed out by many 
workers to be the case in ferns. The 
structure of prothalli of Lycopodium 
in vitro ( Freeberg & Wetmore, 1957), with 
sex organs scattered on more or less up- 
right branches, is such that fertilization 
would be much more difficult than in the 
ferns. More water is required to cause 
fertilization in Lycopodium because of its 
upright habit. The fact that Lycopodium 
prothalli will reproduce sexually in cul- 
ture when flooded with water indicates 
that the amount of water present is the 
only limiting factor to sexual reproduction 
under normal cultural conditions. The 
antheridia and archegonia, though reduced 
( Freeberg & Wetmore, 1957), are per- 
fectly functional and only water need be 
supplied to the cultures to enable fertiliza- 
tion to take place. If ample water for 
fertilization is not supplied, the prothalli 
will produce sporelings apogamously. 

It is not surprising that the sporelings 
of L. selago and L. complanatum deve- 
lop with a protocorm in their young 
stages. Treub (1890), describes vegeta- 
tive reproduction from root-tubercles in 
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L. cernuum in nature which is very similar 
to the protocorm of the young embryo, 
and Lang (1899), mentions that, in the 
case of L. inundatum, protocorm-like 
development occurs from leaves separated 
from the young sporophyte. Thus repro- 
duction, both sexual and vegetative, 
involved a protocorm-like growth in 
L. cernuum and L. inundatum. The occur- 
rence of the protocorm has been in the past 
observed only in sporelings coming from 
prothalli of the Z. cernuum type. Yet in 
culture, as we have already described, the 
protocorm-like growth is involved in the 
vegetative budding from root and shoot 
of L. complanatum and L. selago as well as 
in the development of the sporeling. The 
protocorm pattern of development must be 
inherent in L. complanatum and L. selago 
even though it has as yet not been 
seen in nature. Also, since prothalli of 
these species are green and superficial in 
culture and, if Lang’s statement as to the 
foot being developed only in relation to 
depth in the soil is correct, one would 
certainly expect no extensive foot within 
the gametophyte as it occurs im vitro. 
The prothallus does not achieve sufficient 
size in culture to allow the development of 
an extensive foot within the gametophyte 
in any case; and if the foot were to develop 
extensively outside the prothallus we 
should arrive at Treub’s original definition 
of the protocorm — the extraprothallial 
development of a foot, modified for a 
photosynthetic function. The similarity 
of L. complanatum, L. selago, and L. cer- 
nuum in culture on the one hand, and the 
similarity of all three to L. cernuum and 
L. inundatum in nature on the other, would 
seem to indicate that the protocorm is a 
much more universal and natural struc- 
ture than is found from investigations 
of naturally occurring gametophytes and 
sporelings. 


Summary 


Prothalli of L. cernuum, L. complanatum, 
and L. selago will produce sporelings both 
sexually and apogamously in vitro. The 
apogamous sporelings are produced when 
there is insufficient water for fertiliza- 
tion. Single leaves also may arise apo- 
gamously from the prothalli. Apogamous 
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sporelings arise from the tips of gameto- 
phytic branches with the tip of the branch 
thickening and becoming a sporophytic 
apex. There is no change in chromosome 
number when apogamous sporelings are 
produced. 

When ample water is provided for ferti- 
lization, sporelings arise in a normal 
manner. A protocorm is involved in the 
early development of sporelings of all 
three species in vitro, whereas in nature 
only L. cernuum has a protocorm stage. 
This might be expected since the prothalli 
of all three species in vitro are similar to 
naturally occurring L. cernuum as des- 
cribed by Treub. Budding from stem or 
root in the three species involves a proto- 
corm-like stage in development. L. com- 
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planatum also buds from the leaves; again 
a protocorm-like growth is involved. The 
protocorm seems to be a more universal 
phenomenon in Lycopodium than has been 
described from naturally occurring plants. 

The single case of apospory found in 
culture is of great interest, for once the 
factors controlling apospory can be com- 
pletely understood and apospory induced 
in culture at will, there would be a great 
range of material available in culture for 
cytological and other experimental studies 
of Lycopodium. 

This investigation has been in part 
supported by a grant from the National 
Science Foundation to Professor R. H. 
Wetmore, in whose laboratories this study 
was made. 
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Introduction and Previous Work 


Gnetum has been a subject of great dis- 
cussion and controversy among plant 
morphologists and embryologists for a 
long time. Although investigations on 
Gnetum started as early as 1879 by Stras- 
burger, the first detailed account of its 
embryology was given by Lotsy (1899) 
who worked onG. gnemon. Themalegame- 
tophyte of Gnetum has been studied espe- 
cially by Pearson (1912, 1914, 1929) 
and Thompson ( 1916). Fagerlind ( 1941 ) 
made a still more exhaustive study of a 
number of species of Gnetum. Recently, 
Apte & Kulkarni (1953) published a 
brief note on G. ula (syn. G. scandens ) 
and Waterkeyn (1954) has made a 
thorough study of G. africanum. In spite 
of so many publications on Gnetum, there 
are still several points in its development 
which need further elucidation. The 
following is a brief account of our obser- 
vations on the male gametophyte and 
megasporogenesis in G. ula Brongn. and 
G. gnemon Linn. 


Materials and Methods 


Preserved material of G. ula was obtain- 
ed from Khandala, Lonavala, and Belgaum 
in Western Ghats, and from some other 
places in South India; and of G. gnemon 
from Bogor (Indonesia), Peradeniya 
( Ceylon ) and parts of ‘Assam ( India ). 

Sections were cut at 4-10 microns and 
stained with safranin-fast green. The 
male gametophyte was studied mainly 
from acetocarmine smears. 


Observations 


MALE GAMETOPHYTE — In Gnetum the 
mature pollen grain is shed at the 3- 
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nucleate stage. Two diverse interpreta- 
tions have been given about the nature of 
these three nuclei. According to one view 
these are the prothallial, tube and gene- 
rative nuclei; while, according to the 
other, they represent the tube nucleus, 
and the stalk and body cells. 

Pearson (1912, 1914), an exponent of 
the first view, studied G. africanum and 
G. gnemon. According’ to him an evanes- 
cent cell plate is laid down after the first 
mitosis of the microspore nucleus and the 
two resultant nuclei lie quite free in the 
cytoplasm. One of the two quickly 
divides again and in this division also an 
evanescent cell plate is formed. The 
mature pollen grain contains three nuclei 
of which two are usually larger than the 
third. Of these, one plays no part in 
further development and never enters 
the pollen tube. Sometimes it may de- 
generate and disappear even before the 
germination of the pollen. On this basis 
Pearson regards it as a prothallial nu- 
cleus and the other two as the tube and 
generative nuclei. According to Pearson 
(1929), the generative cell is not organized 
until after pollination; “‘ it is first recog- 
nized after germination ”. During germi- 
nation the tube nucleus enters the tube 
first, followed by the generative nucleus 
which gives rise to two unequal male 
cells or nuclei of which the smaller prob- 
ably degenerates. The prothallial nucleus 
generally disappears before germination, 
and even when present, it never enters the 
tube. Thompson (1916), an adherent 
of the second view, states that in G. 
gnemon the microspore nucleus directly 
divides to form a tube nucleus and a gene- 
rative cell. The latter further divides to 
form the stalk and the body cells. He 
believes Gnetum to have reached the an- 
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giospermic condition in the complete 
elimination of the prothallial tissue. Here 
also the tube nucleus precedes the body 
cell in the pollen tube, but the stalk cell 
is always retained in the body of the grain. 
The body cell divides into two equal male 
cells. Fagerlind ( 1941 ) studied the male 
gametophyte of G. gnemon and Gnetum 
sp. XV A 31, but could not follow the 
order in which the three nuclei are formed. 


Apte & Kulkarni (1953) working with 
G. ula agree with Pearson’s view. Water- 
keyn (1954) does not give any detailed 
account of the male gametophyte, but 
recognized the three nuclei in the pollen 
tube as the stalk, body and tube nuclei, 

In G. ula and G. gnemon we have been 
able to follow the development of the male 
gametophyte in some detail. The micro- 
spore nucleus ( Fig. 1A, B) undergoes the 
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Fic. 1 — Development of male gametophyte (gc, generative cell; pc, prothallial cell; tn, tube 
ucleus ). Fig. 1A, C, E, G, I, K, M, O. G. ula. x 2160. Bigs 2D eh seals oN PSG. gnemon. 


< 3100. Fig. 1A, B. One-celled microspore. 
ig. 1E, F. Cutting off of a prothallial cell. 
rothallial cell having its own cytoplasmic sheath. 


rain at the shedding stage. 


Fig. 


Fig. 1C, D. Mitosis of the microspore nucleus. 
1G, H. Two-celled pollen grain with a rounded 
Fig. 11-L. Mitosis of the larger nucleus. 
|. Pollen grain showing tube nucleus, and the generative and prothallial cells. 


Fig. 1M, 
Fig. 10, P. Pollen 
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first mitosis ( Fig. 1C, D) and a cell plate 
is laid down cutting off a lenticular cell 
( Fig. 1E, F) which rounds up and comes 
to lie in the cytoplasm of the pollen grain 
(Fig. 16,H). This we consider to be the 
prothallial cell. The other nucleus divides 
again (Fig. 11, J ) followed by the laying 
down of an ephemeral cell plate ( Fig. 1K, 
L). Of the two daughter nuclei, the one 
near the prothallial cell has a sheath 
around it (Fig. 1M, N). The mature 
pollen grain thus contains three nuclei: 
a large one comparatively poor in chroma- 
tin but with a conspicuous nucleolus ( the 
tube nucleus ); a small densely staining 
nucleus with a sheath of its own (the 
generative cell); and a still smaller and 
darkly staining nucleus also provided 
with a cytoplasmic sheath around it ( the 
prothallial cell). The two cells are al- 
ways found in close proximity to one 
another (Fig. 10, P) and all three nuclei 
maintain this appearance even up to the 
time of germination of the pollen grain. 
The tube nucleus is the first to enter the 
pollen tube followed by the generative 
cell ( Figs. 2, 3, 5). The prothallial cell 
remains in the body of the spore and 
ultimately disappears ( Figs. 3, 6). The 
generative cell directly gives rise to two 
equal male cells, without cutting off any 
stalk cell ( Figs. 4, 6). 

Thompson’s interpretation of the nature 
of the nuclei is based mainly on the 
assumption that the two cells designat- 
ed by him as “stalk’”’ and “ body” are 
sister cells. On the other hand, we found 
that in both the species the cell cut off 
after the first mitosis ( Fig. IE, F ) under- 
goes no further division and must, there- 
fore, be designated as prothallial. Pearson 
regards it as prothallial on the ground 
that it disappears very early, even before 
pollination. We find, on the other hand, 
that both in G. ula and G. gnemon the 
prothallial cell persists for a long time, 
often even after the tube has reached the 
embryo sac. Fagerlind (1941) reports 
a good deal of variation in the appearance 
of the three nuclei. In some cases all the 
three nuclei have sheaths of their own; 
in others two nuclei are included in a 
common sheath, while the third nucleus 
is either free or in a sheath. In our 
material the only variation from the 
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normal is the occasional presence of a 
fourth free nucleus which has also been 
reported as an abnormality by Fagerlind 
(1941). 


4 


Fics. 2-6 — Development of pollen tube ( ge, 
generative cell; mc, male cells; pc, prothallıal 


cell; pt, pollen tube; tw, tube nucleus). Figs. 
2-4. G. ula. Figs. 5-6. G. gnemon. Fig. 2. Ls. 
nucellus with inner envelope showing the course 
of the pollen tube. x 45. Fig. 3. Pollen tube 
from Fig. 2, enlarged to show the degenerating 
prothallial cell in the pollen grain and the gene- 
tative cell and tube nucleus in the tube. x 580. 
Fig. 4. Portion of a pollen tube enlarged to show 
the tube nucleus and the two male cells. x 1670. 
Fig. 5. Tip of a pollen tube showing the tube 
nucleus and the generative cell. x 1350. Fig. 6. 
Pollen tube with a degenerating prothallial cell, 
tube nucleus and two male cells. x 580. 
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MEGASPOROGENESIS— The ovule of 
Gnetum consists of the nucellus surround- 
ed by three envelopes. The innermost 
envelope elongates to form the so-called 
‘style ”. Two to four hypodermal arche- 
Sporial cells can be recognized about the 


Fics. 7-17 — Megasporogenesis. 


Figs. 7-12 G. ula and Figs. 13-17 G. gnemon. 


time of the initiation of the innermost 
envelope (Figs. 7, 8, 13, 14). Apte & 
Kulkarni (1953) also reported several 
archesporial cells in G. ula. The arche- 
sporial cells divide periclinally forming the 
primary parietal cells and the sporogenous 
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-S. young ovule. x 170. Figs. 8, 14. Nucellus from Figs. 7 and 13 enlarged to show hypodermal 
chesporial cells. x 920. Fig. 15. L.s. nucellus showing the primary parietal cells and the sporo- 
nous cells. x 920. Fig. 9. Same, showing a number of megaspore mother cells. x 920. Figs. 10, 


3. Megaspore mother cells showing absence of a cell plate after Meiosis I. x 920. 


Fig. 11. Two 


icleate embryo sac; accessory enlarging mother cell a few cells above the functional embryo sac. 
igs. 12, 17. Four-nucleate coenomegaspores. x 920. 
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cells (Fig. 15). The former, together 
with the nucellar epidermis, divide to 
produce a massive nucellar tissue. During 
later stages the cells in the upper part of 
the nucellus become densely cytoplasmic 
and contain many starch grains. Occa- 
sionally the archesporial cells in G. gnemon 
function directly as the megaspore mother 
cells without cutting off any parietal cells 
( Fagerlind, 1941). 

The sporogenous cells in G. ula as well 
as G. gnemon undergo one or two divi- 
sions resulting in the formation of about 
8-10 megaspore mother cells (Fig. 9). 
Thompson’s ( 1916) report that the sporo- 
genous cells behave directly as the mega- 
spore mother cells without undergoing any 
divisions and that hence the latter are 
never more than 3 or 4 in number does 
not seem to be true at least for G. gnemon 
in which we have found a much larger 
number which is possible only if the sporo- 
genous cells undergo some divisions. The 
megaspore mother cells lie in rows ( Fig. 
9) and are distinguishable from the ad- 
jacent nucellar cells by their larger size 
and prominent nuclei. 

There have been conflicting views with 
regard to the mode of development of the 
female gametophyte in Gnetum. Lotsy 
(1899) states: “ The embryo sac of G. 
gnemon is the morphological equivalent 
of two macrospores.”” Thompson (1916), 
on the contrary, considered the develop- 
ment as monosporic. According to him 
the megaspore mother cells divide to form 
the dyads. The outer dyad cell generally 
fails to divide again resulting in the forma- 
tion of a row of three cells. In cases, 
where it divides, a normal tetrad is formed. 
Usually the lowest megaspore functions. 
In G. ula also, according to Apte & Kul- 
karni (1953), the development of the 
embryo sac is of the monosporic type. 

The present work on G. ula and G. 
gnemon has yielded results quite different 
from those of some of the previous 
workers. In both the species several 
megaspore mother cells start developing. 
No wall is laid down after Meiosis I and 
the two nuclei lie at the two poles of the 
female gametophyte (Figs. 10, 11, 16). 
The second division results in the forma- 
tion of a tetranucleate coenomegaspore 
(Figs. 12, 17). Vacuolation generally 
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commences at this stage. The develop- — 
ment of the female gametophyte is, there- 
fore, neither monosporic nor bisporic, but — 
conforms to the tetrasporic type, a condi- 
tion not known in any other genus of 
gymnosperms. This confirms Fagerlind’s 
(1941) observations on Gnelum gnemon 
ovalifolia. In G. africanum also, which 
has been studied recently by Waterkeyn 
(1954), the development of the female 
gametophyte is of the tetrasporic type, 
with the only difference that ephemeral 
cell plates are formed at the end of Meiosis 
land Il: 

Although many megaspore mother cells 
start developing, only 2 or 3 go beyond 
the 8-nucleate stage and the rest degene- 
rate. As the megaspore mother cells lie 
in rows, the degenerated cells seen above 
the functional ones simulate the non-func- 
tional megaspores of a tetrad ( Figs. 12, 
17). A careful study of scores of ovules 
leaves no doubt, however, that a mega- 
spore tetrad isnever formed. The develop- « 
ment is tetrasporic and not monosporic as 
reported by Apte & Kulkarni ( 1953 ). 


Discussion 


Gnetum presents several interesting | 
points in its life-history. The following « 
two points have been discussed in this 
paper. 

MALE GAMETOPHYTE — In G. ula as well 
as G. gnemon a small lenticular cell is 
cut off at the end of the first mitosis of 
the microspore nucleus. This cell rounds : 
up, comes to lie in the cytoplasm of the 
grain and undergoes no further division. 
It does not take part in the development 
of the pollen tube, and degenerates in the 
pollen grain. This we interpret as the 
prothallial cell. The other nucleus divides 
again. Of the two resulting nuclei one 
is hyaline, with a large nucleolus and is 
the first to enter the pollen tube. This is 
the tube nucleus. The third nucleus is 
rich in chromatin, develops a sheath of 
its own, and divides in the pollen tube to 
give rise to two equal male cells. This 
is the generative cell. Thus the mature 
pollen grain contains a prothallial cell, a 
generative cell and a tube nucleus. These 
points are brought out in the following 
diagrammatic representation ( Fig.’ 18 C). 


A PEARSON’S VIEW 


‘@ PRESENT VIEW 


Fig. 18 — Diagrammatic representation of the, various interpretations of the development of 


he malegametophyte in Gnetum. 


Pearson’s observations (Fig. 18A ) differ 
rom ours in the following points: 

1. Absence of a sheath around the pro- 
thallial nucleus. 

2. Development of a sheath around the 
yenerative nucleus only after germination. 

3. Early degeneration of the prothallial 
aucleus, at times even before shedding. 

4. Formation of two unequal male cells, 
»f which only the larger one functions. 

Thompson’s interpretations ( Fig. 18B ) 
show an even greater discordance. Ac- 
ording to him: 

1. The smaller cell formed at the end 
f the first division of the microspore 
iucleus is the generative cell since it 
urther divides and gives rise to a small 
stalk cell and a large body cell. (In both 
he species investigated by us, the small 
ell formed at the end of the first mitosis 
ever divides again and degenerates in 
he pollen grain after germination.) 

2. The free nucleus of the 2-celled 
ollen grain is hyaline, has a conspicuous 


nucleolus, remains undivided, and is the 
first to enter the pollen tube. (We have 
repeatedly seen a division of the larger 
free nucleus of the 2-celled pollen grain, 
and it is really the smaller prothallial cell 
which remains undivided in the grain. 
See Fig. 1I-L.) 

As pointed out earlier the tube nucleus 
is formed at the end of the second division, 
and not at the end of the first division as 
stated by Thompson. Further, the two 
cells lying very close to each other in 
the mature pollen grain are not sister 
cells, although they may appear to be 
so. 

MEGASPOROGENESIS — All three types 
of embryo sacs — monosporic, bisporic 
and tetrasporic — have been reported in 
Gnetum by different workers. Lotsy gives 
a very confusing account of the develop- 
ment of female gametophyte in G. gnemon. 
The variations in the pattern of develop- 
ment of the lower and the upper halves 
of the embryo sac in later stages led him 


236 PHY TOMOR PHOLOGY 


to consider the embryo sac of Gnetum as 
a homologue of two macrospores. 

Thompson interpreted the development 
as monosporic. He observed linear te- 
trads and triads, also degenerating mega- 
spores above the functional one. Accord- 
ing to Apte & Kulkarni also the develop- 
ment of the embryo sac in G. ula is of the 
monosporic type. 

Our observations confirm those of 
Fagerlind and Waterkeyn in G. gnemon 
ovalifolia and G. africanum and show that 
the development is really tetrasporic. 
The degenerating megaspores, observed 
by Thompson, are really non-functional 
megaspore mother cells. 


Summary 


In Gnetum ula and G. gnemon, investi- 
gated by us, the 3-nucleate pollen grains 
consist of a prothallial cell, a tube nucleus 
and a generative cell. The latter divides 
in the pollen tube to give rise to two equal 
male cells. The female gametophyte is 
of the tetrasporic type. 
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awarding a Senior Research Fellowship 
(Vimla Negi), and to the Council of 


Scientific & Industrial Research fon 
financing a research scheme on ‘“ Morpho- | 
logical and embryological studies in some — 
Indian gymnosperms ” (Madhu Lata). \ 
Our thanks are due to the following for 
kindly sending us the material on which 
these investigations are based: Dr R. D. 
Adatia, Miss N. K. Parulekar and Mr R. K. 
Das ( Bombay ); Professor P. S. Chikkan- 
naiah and Mr G. S. Chandras ( Belgaum ); 
Father L. M. Balam ( Tiruchirapalli); 
Mr A. Nagaraja Rao, Mr D. A. Govind- 
appa and Mr B. A. Razi ( Bangalore ); 
Mr H. S. Rao ( Mysore ); Dr J. Venkate- 
swarlu ( Waltair); Dr K. Subramanyam 
(Coimbatore); Mr K. G. Krishna Rao 
( Ernakulum ); Mr B. S. M. Dutt ( Gudi- | 
vada ); Dr M. Anantaswamy Rau ( Dehra 
Dun); Mr N. K. Patel ( Ahmedabad ); 
Mr D. M. A. Jayaweera ( Peradeniya, 
Ceylon); Professor L. v. Olah, Mr Jz 
Douglas, Mr M. F. Day and Professor 
Ir. T. H. Thung (Bogor, Indonesia ); 
Director of the Botanic Gardens ( Singa- 
pore ); Professor E. Quisumbing ( Manila, 
Philippines); Dr Mrs S. S: Velasco 
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COLEORRHIZA IN MYRTACEAE 


P. A. BARANOV 
Botanical Institute, Academy of Sciences of the U.S.S.R., Leningrad, U.S.S.R. 


During our investigation of embryogene- 
is and seed germination in Eucalyptus we 
ound that members of this genus have a 
eculiar structure forming a vagina cover- 
ng the embryonic radicle ( Baranov, 
3aranova & Polunina, 1955). This 
vagina arises in the process of embryo- 
‚enesis from the hypocotyl in the region 
f the root neck, i.e. at the transition point 
jetween the hypocotyl and the root. 
formed as an annular protuberance it 
radually grows over the embryonic 
adicle and finally covers it (Fig. 1). 
Ne provisionally called it ‘ coleorrhiza’’, 
Ithough, as far as I am aware, this term 
s not applied in the dicotyledons to out- 
rowths in the region of the root neck. 

We investigated the development of the 
oleorrhiza in 16 species of Eucalyptus 
elonging to different sections of the 
enus and to varied ecological types: from 
ry and moist habitats, and from plains 
nd mountains. A xeromorphous shrubby 
pecies ( E. transcontinentalis Maiden ) was 
iso studied. Included in the study were 
pecies considered by taxonomists as the 
nost ancient ones as well as others con- 
idered as the most recent. In all cases 
. well-developed ‘ coleorrhiza ’’ was pre- 
ent and numerous root hairs appeared on 
t immediately after seed germination 
Fig. 2). 

The development of root hairs upon the 
xpanded hypocotyl in the region of the 
oot neck of a seedling of Eucalyptus 
lobulus Labill. and in a number of other 
pecies of the genus had already been dis- 
overed in the last century (Irmisch, 
876; Briosi, 1882). This indicates that 
he coleorrhiza is typical of Eucalyptus. 
t might have arisen and developed in the 
rocess of evolution as a device for a better 
ttachment of the embryo to the soil as 
sell as for the rapid supply of water. It 


is possible that in the course of adaptive 
evolution such a pronounced vagina ( the 
coleorrhiza ) was developed because of the 
necessity of protecting the tender embryo- 
nic radicle in its emergence through the 
seed coat. 

The desire to study not only the mor- 
phological nature of coleorrhiza in dicoty- 
ledons but also the history of its origin 
and development, i.e. to understand the 
adaptive character of this structure, 
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Fic. 1 — L.s. radicle and part of hypocotyl 
of mature seed of Eucalyptus macrocarpa. The 
radicle is completely covered by the “ coleorr- 
hiza’’. 
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Fic. 2— Seed of Eucalyptus cinerea at ger- 
mination: a, seedling with root hairs upon 
“ coleorrhiza '’ developed into a disk; b, root 
hairs. 


prompted us to continue our investiga- 
tions and extend them to other genera of 
the Myrtaceae. 

The Myrtaceae ranks among the largest 
and most ancient families of angiosperms 
comprising about 3200 species. Its mem- 
bers are found even in the Lower Creta- 
ceous. Taxonomists divide it into two 
subfamilies: Myrtoideae, with succulent 
fruits ( berries); and Leptospermoideae, 
with dry fruits (bolls ). 

The subfamily Myrtoideae consists of 
32 genera including 2400 species consti- 
tuting nearly 75 per cent of the whole 
family. The subfamily occurs chiefly in 
the tropical zone of the American conti- 
nent. The largest genera are Eugenia 
(about 1300 species), Myrtus (178 
species), and Psidium (110 species ). 

The other subfamily, Leptospermoideae, 
comprises about 40 genera and 850 species. 
It occurs mainly in Australia. The largest 
genus of this subfamily is Eucalyptus 
(about 600 species ). 

On the basis of palaeontological data 
and present geographical distribution of 
the Myrtaceae, Andrews ( 1913 ) considers 
the Leptospermoideae to have originated 
from the Myrtoideae before the separa- 
tion of Australia and America. This point 
of view is also supported by Berry ( 1915 ) 
and Atchison ( 1947 ) who investigated the 
karyotypes of several species of the two 
subfamilies. 
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While examining the outgrowths of the 
hypocotyls in the region of the root neck 
in Myrtaceae a question arose whether the 
peculiar “ coleorrhiza ” seen in different 
species of Eucalyptus might be found in. 
other genera of Leptospermoideae. It 
was considered worthwhile to compare the 
results obtained earlier with the obser- 
vations on the behaviour of the hypocotyl 
of the members of the subfamily Myrtoi- 
deae, as this is of a more ancient origin, 
For this purpose we examined Psidium 
cattleianum Sabine, Psidium guajava L. 
(a tree with edible fruits whose seeds 
were collected by me in tropical Africa ), 
Feijoa sellowiana Berg. (another tree 
with edible fruits cultivated in the Cau- 
casus on the Black Sea), and Myrtus 
communis L. (cultivated under the open 
sky on the Black Sea and also in green- 
houses and indoors ). 

As to the subfamily Leptospermoideae 
we investigated Leptospermum scoparium 
Forst ( Australian tea-tree), Melaleuca 
thymifolia Sm., M. nesophila F. Muell., 


Fic. 3 — Radicle and part of hypocotyl 
Psidium cattleianum. 
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allistemon speciosus DC, and C. lanceo- 
ıtus Sweet ( Melaleuca and Callistemon 
row in subtropics), Eucalyptus (26 
pecies ), Angophora lanceolata Cav. ( re- 
embling Eucalyptus ; its seeds were receiv- 
d from France). The results of the 
avestigation showed the following pecu- 
arities. 

Specific outgrowths of the hypocotyl in 
he region of the root neck were not found 
ither in Psidium ( P. cattlecanum Sabine, 
?, guajava L.) or in Feijoa sellowiana Berg. 
\s in most dicotyledons the hypocotyl 
asses imperceptibly into the root part of 
nm embryonic axis (Fig. 3). No specific 
airs developed in the region of the root 
eck in seedlings of Psidium. 

In Myrtus communis L., on the other 
and, the region of the root neck of the 
mbryo showed a slight widening of the 
ıypocotyl (Fig. 4) leading to the formation 
yf an annular protuberance characterized 
yy an enlargement of the cells of the epi- 
lermis (epiblem). At the beginning of 


rermination the ring shows numerous 
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papillae ( Fig. 45 ) which elongate to form 
the hypocotylar hairs (as distinguished 
from root hairs.) The hypocotylar hairs 
form a dense covering over the root neck 
on the second or third day after germina- 
tion ( Fig. 5a). Some days later (on the 
sixth or seventh day after germina- 
tion ) numerous true root hairs arise on 
the radicle ( Fig. 5b), but they differ from 
the hypocotylar hairs in being somewhat 
longer and thinner. 

Thus in the subfamily Myrtoideae, along 
with members in which the hypocotyl 
does not form any outgrowths, we find the 
genus Myrtus in which a small annular 
outgrowth arises in the region of the root 
neck, forming the zone of future develop- 
ment of the hypocotylar hairs. Such a 
rapid development of the hairs is related 
to the attachment of the seedling to the 
substratum and the end region of the 
hypocotyl covered with hairs is called the 
attachment disc ( Haftscheibe) ( Troll, 
1943) or seedling fastening apparatus 
( Festigungsapparat ) ( Klebs, 1884). The 
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| Fic. 4— Myrtus communis: a, radicle and part of embryonic hypocotyl (the epiblem cells 


f lower part of hypocotyl have become enlarged ); b, the papillae arising on lower part of 
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hypocotylar 


Fic. 5— Myrtus communis: a, 
hairs in root neck region of seedling; b, hypo- 
cotylar and root hairs. 


hypocotylar hairs, like ordinary root hairs, 
also have another important function: 
they absorb water from soil during the 
first hours of existence of the seedling 
until the root develops and becomes 
covered with root hairs. 

The presence of root hairs upon the 
annular protuberance of the hypocotyl or 
upon the ordinary non-thickened termina- 
tion of the hypocotyl has been reported 
in a number of species of various families 
of angiosperms ( see Klebs, 1884). 

In all the members of the subfamily 
Leptospermoideae examined by us, we 
observed the expansion of the hypocotyl 
in the region of the root neck. In Mela- 
leuca thymifolia Sm. and M. nesophila F. 
Muell. the hypocotylar ring resembles that 
of Myrtus in its development (Fig. 6a); 
and in both these species it develops 
numerous hairs (Fig. 65). 

The ring, in Leptospermum scoparium 
Forst,. is even more strongly developed 
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( Fig. 7a) as a base for hair development 
( Figs. 7b; 8). 

Some species of Callistemon (C. lanceo- 
latus Sweet., C. speciosus DC ) show a still 
greater extension of the lower part of 
the hypocotyl. The ring attains a signi- 
ficant development in the region of the 
root neck and is clearly seen even under 
very low magnification (Fig. 9a). On the 
surface of the ring there develop long 


Fic. 6 — a, Melaleuca thymifolia, slightly ex- 
panded hypocotylar base with hairs; b, M. 
nesophila, seedling with hypocotylar hairs. 


of ring in root neck region; b, seedling. 
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Fic. 7 —Leptospermum scoparium: a, 1 
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hypocotylar hairs and an attachment ap- 
paratus is formed soon after germination 
( Fig. 80 ). 

The tendency towards an expansion 
of the base of the hypocotyl and the forma- 
tion of the ring in the region of the root 
neck followed by hair development is 
stronger in the members of the subfamily 
Myrtoideae than in the Leptospermoideae 
( Melaleuca, Leptospermum, Callistemon ) 
and is very pronounced in the genus 
Eucalyptus. As mentioned above, the ex- 
pansion of the apex of the hypocotyl in 
the numerous species of Eucalyptus 
examined by us did not result merely in 
ring formation but in the formation of a 
vagina— the coleorrhiza enclosing the 
radicle (Fig. 1). In all these species of 
Eucalyptus the original function of the 
ring as a zone for the formation of the 
attaching and absorbing apparatus is re- 
tained and numerous hypocotylar hairs 
develop on the coleorrhiza after germina- 
tion. It may be said that after the 


Fic. 9 — Callistemon lanceolatus: a, beginning 
of seed germination, note well developed ring 
at the base of the hypocotyl; b, seedling with 
hypocotylar hairs on the ring. 
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Fic. 8 — Development of hypocotylar hairs 
in root neck region in Leptospermum scoparium 
(photomicrograph ): a, embryo from soaked 
seed; b, first hours of germination; c, after 48 
hours of germination (hypocotylar hairs vitally 
stained with neutral red (0.01% ). 
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appearance of the coleorrhiza the functions 
of attachment and absorption, belonging 
to the root neck zone of the seedling, be- 
come more pronounced. With the tran- 
sition of the simple ring to the coleorrhiza, 
the surface of the hypocotylar swelling 
( which is the base of hair development ) 
enlarges as in Leptospermum scoparium 
(Fig. 8). 

Angophora lanceolata Cav. shows a still 
greater enlargement of the base of the 
hy pocotyl. The coleorrhiza covers the ra- 
dicle and is visible in a young seedling even 
to the naked eye. During germination the 
coleorrhiza acquires the ‘shape of a para- 
chute under which lies the radicle ( Fig. 
10a). It is of interest to note that in 
this case the hypocotylar hairs on the 
coleorrhiza are absent. There are only 
some sparsely distributed papillae in some 
regions along the margin of the coleorrhiza 
(Fig. 105). The coleorrhiza persists for 
a very long time and may be observed 
even in two or three week old seedlings 
(Fig. 11). Fig. 11 shows a lateral root 
arising on the main root. The lateral 
root has neither ring nor coleorrhiza; this 
confirms the hypocotylar nature of the 
structure we were dealing with. 

What is the function of coleorrhiza in 
Angophora? Evidently it has no fasten- 
ing and absorptive functions. There re- 
mains only the protection of the tender 
embryonic radicle at the time it emerges 
through the seed coat. A similar protec- 
tive function of an expanding hypocotyl 
base has been described by Troll ( 1943 ) 
in the seedling of Bruguiera parviflora 
Wight et Arn. of the family Rhizophora- 
ceae which also belongs to the order Myr- 

tales and is related in some degree to 
Myrtaceae. This is a ‘‘ viviparous plant ” 
and a member of the mangrove vegeta- 
tion of tropics. The adaptive role of the 


Fics. 10, 11—Fig. 10. Angophora lanceolata: 

beginning of seed germination, parachute- a 
‘ coleorrhiza ” without hypocotylar hairs; b, part 
of “ coleorrhiza’’ margin with sparse papillae. 
Fig. 11. Many days old seedling; note persis- 
tent “ coleorrhiza ” without hairs. There are 
numerous large essential oil glands upon the 
hypocotyl and a lateral root developing. 


Fics. 10, 11. 
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nnular protuberance (ringwallförmig ) of 
hypocotyl, surrounding the apex of the 
adicle, is clear. When a seedling falls 
own from its tree, this firm outgrowth 
rotects the tender and poorly developed 
adicle ( Troll, 1943, p. 2024; Fig. 1714, 1). 

It is quite possible that in Eucalyptus 
nd Angophora the “ coleorrhiza ” is a 
10re effective support than a soft radi- 
ular point before the seed germination. 
t also appears that in these members of 
he Myrtaceae a hypocotyl expanding into 
coleorrhiza plays the main part in break- 
ig the seed coat at germination. A 
imilar role of the coleorrhiza is described 
y Chamberlain ( 1935, p. 149, Figs. 165- 
67) in Dioon edule Lindl. It might be 
upposed that in the process of adaptive 
volution in the Myrtaceae there has 
ccurred a change of functions of the out- 
rowths at the base of the hypocotyl. At 
irst it plays a role in fastening the young 
eedling and absorbing water, but later it 
as the additional function of protection 
f the radicle and breaking the seed coat. 
\t a still later stage the former functions 
ire lost and transferred to a rapidly 
leveloping root, and there is an intensi- 
ication of its protective role. 

The material examined was too limited 
o permit any definite conclusions as to 
he phylogenetic significance of the obser- 
vations described above. 
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Summary 


A study of the embryogeny of Eucalyp- 
tus has revealed the formation of a hypo- 
cotylar outgrowth in the region of the root 
neck followed by the development of a 
peculiar sheath at the end of the embryo- 
nic radicle. This structure was pro- 
visionally called “ coleorrhiza ”’. In order 
to establish its true morphological nature 
the study was extended to other members 
of two subfamilies of Myrtaceae. 

Of the Myrtoideae we examined Psidium 
cattleianum Sabine, P. guajava L., Feijoa 
sellowiana Berg., and Myrtus communis L.; 
and of the Leptospermoideae Leptosper- 
mum scoparium Forst., Melaleuca thymi- 
folia Sm., M. nesophila F .Muell., Calli- 
stemon speciosus D.C., C. lanceolatus Sweet, 
Eucalyptus (26 species) and Angophora 
lanceolata Cav. were studied. 

Only Psidium and Feijoa showed the 
absence of any specific outgrowths of the 
hypocotyl in the region of the root neck. 

The expansion of the base of the hypo- 
cotyl in the region of the root neck seems 
to appear first in the Myrtoideae. This 
tendency became considerably stronger in 
the Leptospermoideae and attains its full 
expression in Eucalyptus and Angophora. 

Some preliminary considerations of the 
adaptive role of the “ coleorrhiza” are dis- 
cussed. 
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OBSERVATIONS ON REGENERATION IN SOME 
INDIAN MOSSES 


S. NARAYANASWAMI & MANOHAR LAL 
Department of Botany, University of Delhi, Delhi, India 


Introduction 


There have been many studies on arti- 
ficial regeneration and growth of European 
mosses by Heald (1898), the Marchals 
(1907, 1909, 1911), Correns (1899), 
Wettstein (1924) and others. La Rue 
( 1930) investigated the nature of regene- 
ration in culture of some twenty-four 
species of American mosses and later 
(1942) published an account of the 
results of his experimental studies on the 
effect of wounding, of wound hormones 
and of growth hormones on rhizoid for- 
mation. Some contributions to the phy- 
siology of mosses have been made by 
Robinove & La Rue (1929), Bowen 
(1933), Meyer (1940, 1942) and Reese 
(1955). In India, Kachroo (1954) has 
published a note on regeneration in 
Physcomitrium pyriforme while Chopra & 
Sharma (1956) have recorded natural 
regeneration from the leaves of Pogonatum 
and Chopra, (1957), the response of the 
gametophores of some mosses to Knop’s 
solution. Recently, mention has been 
made of the different modes of regenera- 
tion in Barbula indica by Banerji & Sen 
(1957). 

The present paper deals with our obser- 
vations on the regenerative capacity of 
some indigenous mosses interpreted in the 
light of data already on record by several 
authors. 


Materials and Methods 


The plants investigated include: 
(i) Barbula gregaria ( Mitt.) Jaeg. 
(ii) Barbula indica Brid. 

(iii) Ceratodon purpureus (Hedw.) Brid. 
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(iv) Bryum cellulare Hook. 

(v) Rhodobryum  giganteum 
Sehp. 

(vi) Physcomitrium cyathicarpum Mitt. 

(vii) Physcomitrium coorgense Broth. 


Clumps of the various mosses in young 
and fruiting stages were brought to the 
laboratory and kept in damp chambers, 
Pieces of the stem, leaves and capsules 
were washed in distilled water and laid on 
moist filter paper kept in Petri dishes and 
placed against the diffuse light of the 
window. Sand culture technique, as 
adopted by Schelpe ( 1953 ) and Narayana- 
swami ( 1957 ) for the cultivation of bryo- 
phytes, was also resorted to. The medium 
was free from algal and fungal contami- 
nants for nearly a month although a few 
cultures had to be rejected owing to in- 
fection. Regeneration studies were made 
using tap water as well as White’s nutrient 
solution with the mineral salts reduced 
to half strength, although the use of the 
latter showed no superiority over ta 
water. During the early period of study 
(between May and September) the cul- 
tures were kept in an incubator main- 
tained at 25°C. 

Semi-permanent preparations of the 
regenerates were made using 10 per cent 
glycerine and the cover slip was sealed 
with canada balsam. This facilitated 
future observations and also proved a 
convenient method for photomicro- 
graphs. 


( Hook.) 


Observations 


(i) Barbula gregaria — Full grown leafy 
gametophores regenerated readily on mois 
filter paper. Filamentous protonemata 


NARAYANASWAMI & LAL — REGENERATION IN SOME INDIAN MOSSES 


leveloped in abundance from the stem 
urface without any definite relation to 
he leaves. Within eleven days the pro- 
onemata presented a tangled mass of 
ichly branched filaments on which the 
eginnings of the formation of both apical 
nd intercalary buds were observed as 
ide branches ( Figs. 1, 2). 

Defoliated stems also responded favour- 
bly. Protonemata were seen to arise 
rom surface cells in six or seven days and 
howed branching a week after. The 
asal cell of the filamentous protonema 
vas conspicuously swollen ( Fig. :3). 

Detached leaves were slow to regenerate. 
Jut of 70 leaves, only three developed 
rotonemata from the margin, base and 
nidrib region of the leaf. 

Apart from buds originating on proto- 
emata, new shoots arose directly from 
he axils of the leaves ( Fig. 10). Plants 
loated on tap water were induced to form 
xillary buds which became considerably 
longated and bore narrow leaves. The 
ew shoots in turn, formed branches of 
he second order. 

The plant also produces clusters of 
aulticellular gemmae from the leaf axils 
n its natural habitat. These were of two 
ypes, triradiate and spindle-shaped borne 
n elongated uniseriate stalks. Their 
ermination was secured within a week 
fter they were excised. Protonemata 
riginated from one or all the growing 
oints ( Fig. 11). 

Stout filaments somewhat different 
rom the normal type were observed 
ccasionally, but these turned brown 
nd showed oblique septa characteristic 
f rhizoids. They grew to considerable 
ngths producing leafy shoots at definite 
itervals (Fig. 12) akin to the stolons 
een in some higher plants. 

Whole plants laid on filter paper were 
tigated from time to time with a 0-01 
er cent solution of the hormone, 2, 4-D. 
n a couple of weeks curious structures 
ith 2-4 radiating arms ( Figs. 4, 5), not 
itnessed in nature or in the control, were 
roduced at the tips of the filamentous 
rotonemata. They became detached 
om the protonemata by the formation 
f “ separation cells” which had lost their 
hloroplasts and nuclei and remained 
olourless (Fig. 5, h). Besides a row of 
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4-5 cells forming the stalk, growth was 
resumed from the tips of the other radiat- 
ing arms resulting in the formation of 
green filaments (Fig. 8). 

Perennation of the species: Under local 
conditions the species does not appear to 
reproduce sexually. Archegonia although 
rarely observed are never fertilized, per- 
haps due to the absence of antheridia and 
so no sporogonium is ever formed. 

The plant is highly drought resistant. 
During the hot weather, the individual 
plants become brownish, dry up com- 
pletely and outwardly show no sign of life. 
After the first shower, in the month of 
September, they revive and regenerate a 
fresh crop of adventitious shoots directly 
from the stem. The parent plant then 
dies off. So the only means of survival 
of the species is through vegetative in- 
crease by asexual methods. The gemmae 
may also lie quiescent to tide over the hot 
season and grow into new plants as soon 
as conditions become favourable. Of all 
the local mosses studied, this is the only 
one endowed with the power of drought 
resistance. 

(ii) Barbula indica — In this species the 
regeneration of protonemata was not so 
extensive as in B. gregaria. Neither the 
attached nor the detached leaves showed 
any regeneration. Rhizoidal and proto- 
nemal outgrowths (p) were, however, ob- 
served from the inner side of the calyptra 
( Fig. 6) and showed conspicuous branch- 
ing in about nine days. Leafy shoots 
(sh) appeared on the protonemata in two 
to three weeks. 

Regeneration was also secured from 
the archegonial collar (vaginula) sur- 
rounding the foot of the sporophyte ( Fig. 
7). The time required and the pattern 
of regeneration were the same as those 
from the calyptra. Neither axillary buds 
nor the peculiar gemmae formed in B. 
gregaria were found in this species. 

(iii) Ceratodon purpureus— Whole plants 
and defoliated stems regenerated in 16 
days. The protonemata developed more 
at the nodes than between the nodes. 
Excised leaves, however, failed to regene- 
rate. 

Resting tubers were abundant on the 
rhizoids. Detached tubers did not germi- 
nate readily when laid on moist filter 
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paper. Exposure to low or high tempe- 
ratures was, therefore, resorted to in 
order to break the dormancy. One set 
of tubers was kept at-40°C., another at 
0°C., while the third was given both heat 
and cold treatments alternately for one 
hour each and a fourth set was kept as the 
control. Observations were made every 
week for signs of germination. More than 
50 tubers were taken in each set. The set 
subjected to 0°C. germinated on the ninth 
day whereas the others failed to do so 
even after a lapse of six weeks. 

In another experiment the tubers were 
Exposed to 12°C. for 16 hours? This 
hastened germination. The outer sube- 
rized wall cracked open and one or two 
chlorophyllous filaments grew out from 
each tuber ( Fig. 9). 

(iv) Rhodobryum giganteum — Pieces of 
the stem put up for regeneration failed to 
develop protonemata. However, detached 
leaves produced small slender shoots 
directly from the general surface, midrib 
or margin within two weeks ( Fig. 13). 
Small outgrowths arising on the leaves 
developed directly into young buds with- 
out the intervention of a protonema, first 
as small protuberances which later differ- 
entiated leaf primordia. In this respect 
the development was similar to that re- 
ported for Mnium and Fissidens ( Heald, 


1898 ). 

Plants bearing only female heads were 
available. Protonemata were induced 
from the columnar stalks of excised 


archegonia in ten days (Fig. 14). The 
growth was, however, slow and no buds 
were produced even after three weeks of 
culture. 

(v) Bryum cellulare — Detached leaves 
failed to regenerate. Filamentous out- 
growths from the axils of leaves resembled 
neither typical rhizoids nor typical pro- 
tonemata. The basal region had turned 
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brown whereas the growing tip always. 
remained green. 

The antheridia regenerated small proto- 
nemal outgrowths from the stalk and the 
wall within five days of excision ( Fig. 15 ). 
Regeneration was, however, observed only 
from comparatively young and immature 
antheridia. 

(vi) Physcomitrium cyathicarpum—Pieces. 
of leafy and defoliated stem readily re- 
generated protonema (Fig. 16) in seven 
days followed by the formation of lateral 
buds within two weeks. However, the 
protonemata soon turned brown. Buds 
also originated directly on the stem. The 
rhizoids frequently turned into green fila- 
ments. 

Detached leaves kept on moist filter 
paper failed to regenerate but when they 
were floated on water, an abundant crop 
of protonemata was produced from the 
base, the general surface and midrib of the 
leaf (as in P. coorgense Fig. 17) in about 
five to six! days (Fig. 13). As sinethe 
case of stem outgrowths, the protonema 
turned brown soon after formation of a 
few buds. It was interesting to note that 
plants submerged in water produced pro- 
tonemata (p) and buds abundantly from. 
leaves still attached to the stem ( Fig. 19 ). 

Regeneration from sporophyte and asso- 
ciated structures was also noted. Regene- 
rates as protonemal outgrowths (p) and 
leafy plants (/p) were obtained from the 
persistent archegonial “ collar’ surround- 
ing the foot of the sporogonium ( Figs. 20, 
21). In a few instances filamentous. 
structures were produced from the capsule: 
wall ( Fig. 22) and the stalk of young and 
immature sporogonia (Fig. 23). The 
calyptrae showed protonema within three 
weeks of excision and culture. 

Sometimes small, rounded, more or less. 
corky bodies were observed on rhizoids 
under natural conditions. They were of 


Fics. 1-9—Figs. 1-5, 8. Barbula gregaria. Figs. 1, 2. Protonemata showing apical and inter- 


calary buds. x 251. 


Fig. 3. Swollen basal cell of a protonemal branch. x 251. 


Figs. 4, 5. Special 


asexual reproductive cell complexes formed as a result of treatment with 2, 4-D (s, stalk; h, hyaline 
cell). x 148. Fig. 6. Regeneration from calyptra in B. indica (p, protonema; sh, SHOOT) 2092: 


Fig. 7: Regeneration from vaginula. x 32. 


Fig. 8. Germination of triradiate propagule. x 148. 


Fig. 9. Germinating tuber in Ceratodon purpureus. x 251. 
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the nature of perennating organs and their 
germination was secured under laboratory 
conditions. 

The antheridia and archegonia, how- 
ever, failed to regenerate. 

(vu) Physcomitrium coorgense — Leaves, 
leafy gametophores, defoliated stem pieces, 
young capsules and calyptrae were put up 
for regencration with success. The results 
were identical with those obtained for P. 
cyathicarpum. 


Summary and Conclusions 


An interesting point about mosses is 
that they possess a remarkable capacity 
for regeneration of protonema and leafy 
shoots almost from any part of the gameto- 
phyte or sporophyte under favourable 
conditions. This phenomenon is a means 
of survival under adverse conditions and 
perhaps in no other group in the plant 
kingdom is it so well exemplified as in the 
bryophytes which indeed represent a very 
plastic group of organisms. 

From a perusal of the literature it is 
apparent that the different mosses and 
different parts of the mosses show a rege- 
nerative capacity in varying degrees. The 
nature of the first outgrowths is sometimes 
difficult to determine. If green, they are 
considered protonemal; and if brown, they 
are regarded as rhizoidal. Frequently one 
end of the filament has a characteristic 
protonemal appearance while the other 
end is brownish and divided by a few septa. 
Structures intermediate between the two 
merit their being designated as rhizoproto- 
nemata or simply rhizonemata ( Narayana- 
swami, 1957). In our investigations all 
transitional types of regenerates were 
observed. 

_ Filamentous protonemata were pro- 
duced in abundance over the entire surface 
of the stem. Bryum cellulare developed 
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protonemata from the axils of leaves while 
Barbula gregaria showed a renewal of 
growth of the main shoot besides producing 
protonemata from the general surface. 

Leaves as organs of regeneration are too 
well known in mosses. Of the mosses 
tried, Ceratodon purpureus failed to pro- 
duce any outgrowths from the leaves ( cf. 
La Rue, 1930). Heald ( 1898), who kept 
the leaves of this plant alive for a long 
period, also could not induce them to 
grow. Our observations of regeneration 
from the detached leaves of Rhodobryum 
gigantewm are in accord with the results 
of La Rue on Rhodobrvum roseum except 
that regeneration occurred much quicker. 
Protonemata originated from any cell 
of the unistratose lamina. Those from 
the midrib arose from superficial cells 
only, the inner cells being incapable of 
division. Chopra (1957) has reported 
similar .regeneration in Physcomitreleopsis 
indica, a close relative of the genus 
Physcomitrium, in cultures kept in Knop’s 
solution. 

Heald (1898) and later workers have 
called attention to the fact that regene- 
ration from leaves occurs only when they 
are detached from the stem. On the basis 
of their experiments, they concluded 
that protonemata are induced only as a 
result of severing them from the parent 
tissue. ‘La Rue (1942) observed that 
injuries by pricking and bruising exert a 
great stimulus to rhizoid formation and 
wounding of a leaf produced abundant 
rhizoids. Heald believed that in the case 
of attached leaves, certain “ plastic mate- 
rials ” are transported from them to other 
younger growing parts whereas in detached 
leaves the escape is cut off, thereby 
favouring the production of protonemata. 
According to La Rue ( 1930 ) it is possible 
that regeneration is conditioned by food 
reserve in these forms. Meyer (1940). 


a 


Fics. 10-16— Figs. 10-12. Barbula gregaria. Fig. 10. Origin of shoots from axils of leaves. X 5. 


Fig. 12. Young shoots from protonema (stolon ) at regular intervals. 2 ig. L 
Fig. 13. Elongated gametophores arising from midrib of leaves in 
Fig. 14. Regeneration from archegonial stalk in Rhodobryum gigan- 


ing triradiate gemma. x 103. 
Rhodobryum giganteum. X 5:2. 


teum. x 70. Fig. 15. Regeneration from antheridium of Bryum cellulare. x 70. 


Fig. 11. Germinat- 


Fig. 16. Regenera- 


tion from stem of Physcomitrium cyathicarpum. X 6. 
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nd Kachroo (1954) noted a similar 
henomenon in Physcomitrium turbinatum 
nd P. pyriforme respectively. Most of 
he plants investigated by us belonged to 
his group. However, P. cyathicarpum 
vas somewhat different in behaviour from 
he rest of the species studied. In this, 
oth attached and detached leaves res- 
onded equally well. It is possible that 
ere either the “ plastic material’ is not 
ransported at all to the stem or else it is 
roduced in such abundance that a large 
roportion of it still remains in the leaf 
tself. 
Regeneration from sex organs occurred 
nly rarely. Of the various mosses tried, 
3ryum showed protonemal outgrowths 
rom the antheridial wall whereas Rhodo- 
ryum developed them from the stalk of 
he arckezonium. Correns (1899) has 
eported regeneration in Funaria from the 
talk, venter and neck cells of young 
rchegonia and later Wettstein (1924) 
bserved the same in Mnium. 
Protonemal outgrowths from sporo- 
yhytic parts, though rare, are not unusual. 
n his investigations, La Rue ( 1930) has 
isted a large number of species including 
-hyscomitrium turbinatum in which proto- 
emata and buds were secured by regene- 
ation from setae that were still young and 
reen. Later, Meyer ( 1940) and Kachroo 
1954 ) have reported the same in P. turbi- 
atum and P. pyriforme respectively. How- 
ver, in our investigations the setae of 
°. cyathicarpum, P. coorgense and Barbula 
ndica failed to regenerate. Often it was 
he collar ( vaginula ) around the base of 
he sporogonium which proliferated to 
orm protonemata. This might give an 
rroneus impression of regeneration from 
he seta itself. Unlike other species of 
’hyscomitrium in which the seta is long 
nd the capsule exserted, P. cyathicarpum 
jossesses an extremely short seta which 
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is too delicate to be excised without undue 
injury. This might account for the failure 
of regeneration from this organ. The sub- 
ject of the effect of size of organ on regener- 
ation, however, needs further elucidation. 
The various types of adventitious forma- 
tions in mosses, as a means of asexual pro- 
pagation, like the gemmae, brood bodies 
and propagula represent stages in regene- 
ration. La Rue rightly says that these 
are induced or at least encouraged by a 
moist atmosphere. But when conditions 
are dry, the method of propagation is 
modified. Some mosses may become so 
brittle as to break up into minute bits 


. which serve the purpose of spores and such 


types do not reproduce by true spores 
( Grout, 1947 ). 

Tubers, and rhizoids subjected to 0°C. 
put out protonemata much sooner than 
under normal conditions. This would 
indicate that low temperature may be a 
method of overcoming dormancy but we 
are not aware of any similar report in 
literature on mosses. 

Stem cultures of Barbula gregaria were 
irrigated from time to time with a dilute 
solution of 2, 4-D. This resulted in the 
formation of curious cross-shaped struc- 
tures from the ends of the protonemata. 
These in their simplest forms are of the 
nature of propagula or cell complexes 
capable of resuming growth when detached 
or sometimes even im situ, and may well 
be designated as “‘ deciduous rhizoproto- 
nemata ” (Grout, 1947). Our observa- 
tions on the formation of such specialized 
reproductive bodies with a herbicide like 
2, 4-D is akin to the formation of irregular 
cell aggregates or brood bodies reported 
by La Rue (1942) and Narayanaswami 
( 1957 ) in their studies of the influence of 
various hormones on the formation of 
rhizoids, brood bodies, and protonemata 
of a number of mosses. 


Fics. 17-23 — Fig. 17. Physcomitrium coorgense and Figs. 18-23. P. cyathicarpum. 
Fig. 18. Regeneration from detached leaf; protonemata 


tegeneration from detached leaf. x 9-6. 


Big@17, 


rise mostly from base. x 12. Fig. 19. Regeneration from attached leaf (, protonemata ). x 14. 
ig. 20. Protonemal outgrowths (p) from vaginula. x 189. Fig. 21. Leafy plants (/p) arising from 


aginula as lateral shoots on protonema. x 12:5. 


Fig. 22. Regeneration from capsule wall. x 750. 


ig. 23. Regeneration from basal half of young sporogonium. x 54. 
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THE FORM, STRUCTURE AND SPECIAL WAYS OF 
DEHISCENCE OF ANTHERS OF CASSIA — 
Ill. SUBGENUS SENNA 


C. S. VENKATESH 
Department of Botany, University of Delhi, Delhi, India 


The subgenus Senna is the largest of 
he three subgenera into which Cassia has 
een divided (Engler & Prantl, 1894). 
[he two previous papers in this series 
Venkatesh, 1956a, b ) contained accounts 
yf anthers of the subgenera Fistula and 
‚asiorhegma. The present communica- 
ion deals with anthers of the subgenus 
senna of which the following species have 
een investigated: Cassia glauca Lam. 
‘Lucknow ), C. auriculata L. ( Mysore 
ity ), C. laevigata Willd. ( Mussoorie ), 
>. occidentalis L. (Delhi), C. hirsuta L. 
Bangalore ), C. obtusifolia L. ( Delhi) and 
>. siamea Lam. (Mysore City). The 
ocalities from where materials of these 
species were collected are given within 
jrackets. 

The same technique as described in the 
jrevious papers was employed. As in the 
ubgenus Fistula, here also, older anthers 
vere difficult to section due to the heavy 
hickening of their wall. Prolonged soak- 
ng of the paraffin-imbedded material 
.elped to soften them and greatly faci- 
itated cutting. 


Morphology of the Androecium 


Anthers occupying identical positions in 
. flower often differ in their morphological 
nd structural details. Therefore, for con- 
venience of reference in the text, the differ- 
nt staminal members of the two whorls 
re numbered from 7 to x as indicated in 
‘ig. 1. The numbering is arbitrary and 
s not meant to indicate the sequence of 
levelopment of the different members of 
he two staminal whorls. 

The androecium complement, the shape 
f the different anthers, their structure 
nd dehiscence are distinctive of each 


species. In C. glauca all stamens of the 
flower are fertile and antheriferous ( Fig. 
2). In all other species some of the 
stamens, usually the three posterior ones, 
are sterile and reduced to staminodes 
( Figs. 3-7). In all the materials of C. 
occidentalis examined the single anterior 
stamen of the flower was also reduced to a 
staminode which, however, is taller than 
the three usual staminodes on the posterior 
side of the flower ( Figs. 8,9). However, 
there is some degree of variability as 
regards this staminode which, in some 
flowers, showed a small fertile anther con- 
taining pollen (Figs. 10, 11). In these 
flowers, anthers #7, 117 were as large as 
vit, 1x. In some other flowers, # and ti 
were unusually small with very slender 
filaments which were somewhat contorted 
at the tip and had very thin anthers 
(Figs. 12, 13). However, these anthers 
contained pollen and showed normal 
structural features. Occasionally the sta- 
minodes of the other species show a 
tendency to develop fertile anthers. 


Morphology of the Anthers 


Anthers are dithecous in all cases, but 
they show considerable variety in their 
relative size, shape, structure and de- 
hiscence even within the same species. In 
C. glauca, except for minor differences in 
size, all anthers are alike (Fig. 2). De- 
hiscence occurs by two short lateral chinks 
at the blunt and narrowed tip of the 
anther ( Figs. 14a, b). From the lower 
end of each chink, a deep lateral furrow 
runs down for the whole length of each 
anther lobe. In C. auriculata ( Fig. 3), 
stamens 7, vi and vi are long and bear 
large curved anthers. The others are 
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Fics. 1-13 — Fig. 1. Transverse plan of the flower to show disposition of the staminal mem- 
bers. Figs. 2-7. Androecium of Cassia glauca ( Fig. 2), C. auriculata ( Fig. 3), C. laevigata ( Fig. 4 ). 
C. obtusifolia ( Fig. 5), C. siamea ( Fig. 6) and C. hirsuta (Fig. 7). x about 4. Figs. 8-13. C. occi- 
dentalis. Fig. 8. Side view of open flower with sepals and petals removed; arrow points to the side 
of the parent axis. x about 4. Fig. 9. Androecium. x about 4. Fig. 10. Stamens 7, vi, vii and 
pistil. x about 3. Fig. 11. Stamen i magnified. x 10. Fig. 12. Part of androecium to show un- 


x about 6. 


shorter and have smaller and _ nearly 
straight anthers. Of these, wii, ix are 
somewhat larger than 2, 2%. The two 
thecae of the anther continue to be united 
below the point of insertion of the filament 
and dehiscence occurs by a pair of gaping 
chinks on the ventral face of the sterile 
flattened tip of the anther which is some- 
what bent outwards (Figs. 15a, b). As 
in C. glauca, from the lower end of each 
chink a deep lateral furrow runs along the 
rest of the length of the theca of every 


anther. In C. laevigata, stamens vi, vi 
are the tallest in the androecium comple- 
ment (Fig. 4) and their long filaments are 
sharply curved. Their anthers are the: 
largest and are also curved (Fig. 16). 
Anthers 1, 111, viii, ix are smaller and 
nearly straight, vit, ix being slightly the 
larger ( Figs. 17, 18). Anther z is small, 
slender and curved (Fig. 19). All the: 
anthers dehisce by a solitary crescent-. 
shaped pore situated across the ventral | 
face of the tip ( Figs. 20-22). The broken: 
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lower valve of the anther wall forms a 
tongue-like projection below the pore. 
Deep furrows run along the sides of the 
anther. In anthers #1, zii 


pore and extend only along three-fourths 
of the length of the thecae ( Figs. 16, 19). 
In C. occidentalis, the two antero-lateral 
stamens v7, vit are the tallest ( Figs. 8, 9) 
and their large anthers are curved at the 
top (Fig. 23). The other anthers are 
nearly straight and of these 7, 121 are 
smaller than vi, ix ( Figs. 24, 25). In all 
anthers the thecal prolongations below 
the insertion of the filament are free from 
‘each other. Such prolongations are very 
short in anthers ü, iii. Faint lateral 
furrow-like depressions occur in all anthers, 
but they are very short and usually res- 
tricted only to the base of the thecae 
( Figs. 23-25). All anthers dehisce by 
two angular pores located on the ventral 
faces of their sterile flattened tips. In 
anthers vi, vii, the tip is broadly ovate 
( Fig. 26), in 2, vi it is oblong (Fig. 27) 
and in anthers vi, 1x (Fig. 28) it is 
oblong-retuse. The androecium and the 
anthers of C. hirsuta bear a close re- 
semblance to those of C. occidentalis with 
the following differences ( Figs. 7, 29-32). 
Stamen 7 is invariably fertile in this case 
- though the anther it bears is very small 
and slender. The lateral furrows are 
much longer and extend to nearly three- 
fourths the length of the anther. How- 
-ever, they are wanting in anther 7. De- 
hiscence occurs in the same manner as in 
C. occidentalis and the anther tips show 
nearly the same variation in shape in the 
different cases ( Figs. 33-36 ). 

In C. obtusifolia stamens vi, vii are the 
tallest in the androecium and 227, 222 are 
the shortest (Fig. 5). Anthers 2, vi, vie 
are of one kind. They are curved and 
have a blunt and bilobed tip beyond a 
distal constriction (Figs. 37, 38).. It is 
on the ventral face of this tip that de- 
hiscence occurs by two obliquely placed 
oval pores (Fig. 39). Lateral furrows 
occur, but they do not extend to the pores 
or towards the very base of the anther. 
Anthers 72, ii, viii, ix are of a different 
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kind. They are nearly straight and ii, 
1 are smaller than viit, ix ( Figs. 40-42). 
There is no distal constriction or pro- 
longation of the tip as in the other anthers 
and dehiscence occurs at the very summit 
so that it is truly apical. Either two 
distinct obliquely placed pores are formed 
( Fig. 43) or there is a single transversely 
placed pore across the anther apex ( Fig. 
44). In a flower all four of these anthers 
may have one or the other of the above 
types of dehiscence or any two of them 
may have one and the other two a dif- 
ferent kind of pores. The furrows of these 
anthers are similar to those of other 
anthers in the androecium. 

In C. stamea stamens vi, vii are the 
tallest ( Fig. 6 ) and bear very large anthers 
whose tips are sharply bent (Fig. 45). 
Other anthers dre not so bent. De- 
hiscence is however similar in all anthers. 
There is formed a transverse chink on the 
ventral face of the flattened tip. The 
lower valve of the split anther wall forms 
a triangular tongue. below the chink 
(Fig. 46). In this species, the sides of all 
anthers are smooth and are without trace 
of lateral furrows. 

VASCULATION OF THE ANTHER — The 
staminal filament has a single vascular 
trace which appears C or U-shaped in tran- 
sections. In C. auriculata and C. siamea 
it is siphonostelic though, before entering 
the connective of the anther, it assumes 
the usual C or U-form. In the connective 
the behaviour of the vascular trace varies. 
In cases where the anther is prolonged be- 
low its insertion the filament trace gives off 
two small lateral descending thecal traces 
immediately after entering the connective 
( Fig. 47). Where the anther is fixed at 
its very base with the filament, no such 
thecal traces are given off ( Fig. 48). In 
either case, the main connective bundle 
usually splits up into three traces of 
which the median is the largest. The 
three traces may fuse with each other and 
become one in the upper reaches of the 
anther or they may remain distinct in 
which case the median extends higher 
than the laterals which fade out earlier. 
However, in all cases, the vascular traces 
fade out without reaching the very tip of 
the anther. The two descending thecal 
traces or the two laterals sometimes show 
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a tendency for further splitting in C. 
glauca and C. auriculata. In C. laevigata 
the three traces of the connective split up 
again into two traces after uniting in the 
upper reaches of the anther. In C. siamea 
the main connective bundle after giving 
off the thecal traces splits up into five 
indistinct parts which again anastomose 
to form three traces as usual. 

GENERAL DEVELOPMENT AND STRUC- 
TURE OF THE ANTHERS—JIn all the 
species of this subgenus investigated, the 
anther wall is massive and comprises the 
epidermis, hypodermis, up to seven middle 
layers and the tapetum (Figs. 49-54). 
The tapetum is of the secretory type and 
its cells become 2-3 nucleate. In C. 
occidentalis the tapetal nuclei divide very 
early and before the pollen mother cells 
have begun meiotic divisions, most of the 
tapetal cells are binucleate. A large 
vacuole arises in the otherwise dense 
cytoplasm of the tapetal cells. When the 
pollen grains have rounded off, the 
vacuoles of all the tapetal cells align 
themselves peripherally and produce a 
characteristic pattern in the entire tapetal 
layer ( Fig. 52). Soon after, the layer is 
completely absorbed. In this species some 
of the innermost layers of the anther wall 
were seen to stain deeply like the tapetal 
cells which they adjoin. The pollen 
mother cells divide simultaneously giving 
rise to tetrahedral tetrads which remain 
invested for some time by the muci- 
laginous mother cell wall. 

As the anther matures, the hypodermis 
becomes variously sclerified, but it does 
not develop into a typical fibrous layer as 
in ordinary anthers. In C. auriculata 
and C. obtusifolia, not only the hypoder- 
mis but also 1-3 middle layers beneath it 
become similarly sclerified. At the time 
of dehiscence, epidermis, hypodermis and 
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other thickened layers of the wall, if any, 
persist, while the unthickened layers are 
more or less crushed out during develop- 
ment (Figs. 55-60 ). 

The maturation of the pollen in different 
anthers of the same flower is not con- 
current. In C. occidentalis, for instance, 
the pollen mother cells in anthers vi, vit 
enter the meiotic phase earlier than in 
anthers zz, 122, viri, ix. Thereafter, pollen 
development in the latter stepwise follows 
that in the former. The separation of the 
pollen grains from the tetrads occurs 
earlier in anthers viit, 1x than in 22, vi. 

STRUCTURE AND ORGANIZATION OF THE 
ANTHER — As already mentioned above, 
the tip of the anther is variable in the 
different species and even in different 
anthers of the same species. However, 
in all cases, the tip is sterile and variously 
specialized for dehiscence. It is invariably 
filled with a matrix of tissue in which are 
differentiated early, a small-celled thin- 
walled resorption tissue and a large-celled 
parenchyma. Two distinct stomia or a 
single crescent-like stomium is developed 
in this region depending on whether there 
are formed two chinks or pores or only one 
at maturity. The stomium arises as a 
shallow depression which gradually deepens 
into a groove as adjoining cells of the 
epidermis and hypodermis enlarge radially 
( Figs. 61-66 ) and become characteristical- 
ly thickened later. Figs. 67-69 show the 
structure and organization of the tips of 
older anthers after thickenings have been 
laid down. Asa rule, in the groove itself, 
the hypodermal cells remain unenlarged 
and unthickened so that the epidermis 
of this region directly abuts on the under- 
lying resorption tissue. The epidermal 
cells of the groove also remain small and 
unthickened. In C. occidentalis, some of 
them divide periclinally ( Fig. 68) and in 
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Fics. 14-48 — Dehisced anthers (ch, chink; f, lateral furrow; p, pore; #, tongue of broken 


lower valve). 


15a, b. a, Anther of C. auriculata; b, its tip magnified. a. x 6; b. x 17. 

Figs. 20-22. Tips of the above magnified. x 11. 
of C. occidentalis. x 9. Figs. 26-28. Tips of the above magnified. x 11. 
Figs. 33-36. Tips of the above magnified. x 19. Figs. 37-44. Anthers of 
Fig. 39 is a ventral face view of the tip and Figs. 43, 44 are the apices of the anthers 
Figs. 39, 43, 44. x 19; others, x 6. 
Big) 45. x 6; Fig. 46. x 17: 


C. laevigata. X 6. 
C. hirsuta. x 6. 
C. obtusifolia. 
as seen from above. 
its tip respectively. 
to show vasculation. 


Fig. 14a, b. a, Anther of C. glauca; b, its tip magnified. a. x 6; b. x 17. 


Fig. 
Figs. 16-19. Anthers of 
Figs. 23-25. Anthers 
Figs. 29-32. Anthers of 


Figs. 45, 46. Anther of C. siamea and 
Figs. 47, 48. Tangential vertical plan of anthers 
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Fics. 49-60 — Parts of t.s. young anther and dehisced anthers respectively of C. glauca ( Figs. 
49, 55), C. auriculata ( Figs. 50, 56), C. laevigata ( Figs. 51, 57), C. occidentalis ( Figs. 52, 58), 
C. obtusifolia ( Figs. 53, 59) and C. siamea ( Figs. 54, 60). Figs. 51, 54, 57, 60. x 224; others, x 310. 


C. glauca ( Fig. 69) all of them divide to 
produce a massive plug which fills the 
groove. Hypodermal cells adjoining the 
stomial region become specialized to serve 
the mechanical role in dehiscence. They 
are relatively narrow, radially elongated 
and differentially thickened on their 
tangential and radial walls. Their radial 
and inner tangential walls are thicker than 
their outer tangential walls which abut on 
the inner surface of the epidermis. No 
fibrous thickenings are evident, however. 
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Hypodermal and a few subhypodermal 
cells, situated elsewhere around the sterile » 
apex of the anther, become uniformly 
and heavily sclerified and serve to» 
strengthen the anther tip, especially later, | 
when it becomes hollowed out prior to 
dehiscence. 

The two dorsal pollen sacs of an anther 
are generally taller than the ventral pair, 
but all the pollen sacs usually stop short 
of the stomial region. However, the 
stomia are connected with the tips of both 
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the dorsal and ventral pollen sacs by 
intervening zones of the resorption tissue. 

Each of the two initial stomial furrows 
of C. glauca is continuous from the tip 
downwards for the rest of the length of the 
anther as lateral sutural furrows. As 
at the apex, a plug is formed by the re- 
peated divisions of the epidermal cells 
lining each furrow and in line with the 
septum between adjacent pollen sacs of 
the theca. The divisions are at first peri- 
clinal, but soon they become irregular and 
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Fics. 61-69 -— Sterile tips of young and old 
transections (A, unthickened hypodermal cells; 
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ultimately give rise to a large plug which 
is more massive than those filling the 
stomial grooves of the anther tip ( Figs. 70- 
72). In the neighbourhood of these 
sutural epidermal plugs, the hypodermal 
cells are elongated and thickened in the 
same way as their counterparts in the 
stomial region, though elsewhere around 
the sporangia, the hypodermal cells are 
smaller and they are uniformly thickened 
as already shown in Fig. 55. The hypo- 
dermal cells underlying the sutural plug 
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anthers; Fig. 62 is a vertical section, the rest are 
7, resorption tissue; 7, , region where resorption 


has set in; scl, sclerified layers; sg, stomial groove; spl, stomial plug; th, thickened hypodermal cells). 
Fig. 61. Tip of young anther of the à, vi, vii type of C. obtusifolia; arrow points to the region of 
initiation of a stomial depression. x 265. Fig. 62. Older anther of ii, iti, viii, ix type of the same. 
x 265. Fig. 63. Young anther of C. laevigata. x 191. Fig. 64. Young anther of C. glauca. x 191. 
Fig. 65. A fairly old anther of C. auriculata just prior to extensive thickening of cells. x 118. Fig. 66. 
Thé same of C. siamea. X 118. Figs. 67-69. Fully differentiated tips of anthers of C. obtusifolia, 


C. occidentalis and C. glauca respectively. x 118. 
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are also different. They are highly flat- 
tened and rectangular and have all their 
walls equally though not heavily thicken- 
ed. These flat cells form a U-shaped 
clamp ( cl) around the greater part of the 
plug and this clamp is destined to play an 
important role at the time of anthesis. 
Below the clamp lies an indistinct septal 
resorption tissue by whose dissolution ad- 
jacent pollen sacs become connected by a 
narrow passage (Fig. 73, rf) which gra- 
dually broadens out by disorganization of 
the rest of the septal tissue and by the dis- 
appearance of the middle layers of the 
wall. 

Although the structure and organization 
of the tip and sides of the anther, in the 
other species investigated, are essentially 
the same as in C. glauca described above, 
there are differences in important details. 
C. auriculata agrees rather closely with C. 
glauca in having all the anthers with com- 
plete sutures ( Figs. 74, 75). However, 
there is no stomial plug because the epi- 
dermal cells in the stomial grooves remain 
small and undivided. The resorption 
tissue forms a transverse band across the 
anther tip (Fig. 76). Lower down it 
breaks up into two distinct bands which 
connect first with the tips of the taller 
pollen sacs and further down with those 
of the ventral pollen sacs ( Figs. 77, 78). 
In the fertile part of the anther, the septa 
partitioning the pollen sacs have only in- 
distinct areas*of resorption which are, 
however, continuous with the typical re- 
sorption tissue of the anther tip ( Figs. 
79-82). The two dorsal pollen sacs are 
shorter than the ventral pair at the base 
of the anther ( Fig. 83). Sutures develop 
as in C. glauca. Fig. 84 shows the 
structure of a mature sutural region, 
where septal resorption has occurred and 
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a narrow passage (7p) connecting the ad- 
jacent pollen sacs has been formed, 
Hypodermal cells (th) adjoining the 
sutural plug (fl) are differentially 
thickened like those adjoining the stomia. 
Elsewhere, however, the hypodermal cells 
are different and are uniformly sclerified 
like the two subhypodermal layers ( scl ). 
The sutural clamp (cl) consists of about 
two layers of heavily sclerified cells. 

In C. laevigata, the young anther de- 
velops a single crescent-like stomial groove 
across its flattened tip ( Figs. 85, 86) and 
this marks the future line of dehiscence. 
In anthers ii, tit, viit, ix the stomium is 
continuous along the sides of the anther 
as sutures ( Figs. 86, 87). In others, the 
sutures develop only for a limited length 
of the anther, and therefore the stomia are 
not continuous with them (Fig. 85). 
Resorption tissues are organized as usual 
at the sterile tip of the anther and they 
are connected with the tips of the pollen 
sacs and are also continuous as septal 
resorption zones ( Figs. 88-94). Sutures 
develop as usual ( Fig. 95). The sutural 
plug in this case consists largely of only 
one layer of epidermal cells. 

Figs. 96a, b show the terminal part of 
anthers vi, vit of C. occidentalis. The 
dorsal pollen sacs of the anther are taller 
as usual and their upper extremities are 
seen as two large humps at the base 
of the flattened anther tip (¢). The 
narrow extremities of the shorter ventral 
pollen sacs, on the other hand, are about 
level with a constriction (arrow) on the 
inner face of the anther where they may 
form minor humps. In anthers ii, iii the 
ventral pollen sacs are shorter than the 
dorsal pair even at the base. The two 
pores arise in place of two very short, 
obliquely placed linear stomia (st in 
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Fics. 70-94 — (cl, sutural clamp; f, lateral sutural furrow; pl, sutural plug; rp, passage created 


by partial dissolution of septum; scl, sclerified layers; se, septum; st, stomium; su, suture; #, sterile 
tip of anther; th, thickened hypodermis ). Figs. 70-73. Different stages in the development of a 
suture of C. glauca, all in transections. Figs. 70, 71. x 225; Figs. 72, 73. x 139. Figs. 74-83. 
Undehisced anther of C. auriculata ( Fig. 74), its tip ( Fig. 75 ) and serial transections ( Figs. 76-83 ) 
at the levels indicated in Fig. 74. Stippled areas indicate resorption tissue, hatching, sutural plugs. 
Fig. 74. x 7; Fig. 75. x 19; Figs. 76-83. x 10. Fig. 84. T.s. sutural region of C. auriculata. x 94. 
Figs. 85-94. C. laevigata. Anther tips ( Figs. 85, 86), whole anther ( Fig. 87) and transections 
( Figs. 88-94) at the levels indicated in Fig. 87. In Figs. 88-94 stippled areas indicate resorption 
tissue and hatching indicates the sutural plugs and the specialized hypodermis of the stomial region. 

Figs. 85, 86. x 21; Fig. 87. x 7; Figs. 88-94. x 19. 3 : 
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Fig. 96a). There is only a small amount 
of resorption tissue beneath each stomium 
( Figs. 96b, 97). The stomia are broad 
above, become narrower below and are 
totally eliminated just below the humps 
of the dorsal pollen sacs ( Figs. 98, 99). 
The resorption tissue, however, continues 
to be present for some distance below the 
limit of the stomial grooves in order to con- 
nect with the tips of the shorter ventral 
pollen sacs of their respective thecae 
(Fig. 100). Further down, it is al- 
together eliminated, so that for their 
greater length the septa do not show any 
distinct resorption tissue and the anther 
wall is also uninterrupted by sutures 
( Figs. 101-103, 102A). But towards the 
anther base the free thecal ends again 
show a resorption tissue in the septa and 
short sutures are developed in this part 
of the anther ( Fig. 104). All the pollen 
sacs stop short of the extreme base of 
the thecae, but the sutures and resorp- 
tion tissue continue in this part also 
(Fig. 105). The sutural plug is small and 
consists of radially elongated and densely 
cytoplasmic epidermal cells, only some of 
which divide periclinally (Fig. 106). 
The thickened hypodermis is continuous 
beneath the plug and constitutes a clamp 
(cl) whose cells are, however, smaller than 
those of the rest of this layer. 

In C. occidentalis, as a rule, the sutures 
are very short. Sometimes, however, the 
sutures of anthers 27, 117 and wii, ix con- 
tinue upwards more or less interruptedly 
as upraised lateral ridges which are evident 
only in sections. The ridges consist of 
only the upraised epidermis and hypoder- 
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mis and a plug is seldom formed in this 
region (Fig. 107). In anthers 7, iii and 
vi, vit the resorption tissues of the two 
stomia are independent of each other and 
are confined to their respective thecae. 
In anthers vii, ix, on the other hand, the 
resorption zones are transversely con- 
nected across the tip of the anther. Fur- 
ther, in these anthers, the tips of the 
ventral pollen sacs are often laterally con- 
fluent with each other and together they 
connect with the same transverse band of 
resorption tissue ( Figs. 108-111 ). 

In C. obtusifolia, the stomia of anthers 
i, vi, vit develop as two arc-like depres- 
sions on the ventral side of the sterile tip 
(Fig. 112). Figs. 113-118 show the re- 
lative disposition of the stomia, resorption 
tissue and the tips of the dorsal and 
ventral pollen sacs. In their upper 
reaches, the resorption tissues of the two 
stomia are distinct (Figs. 113, 114), 
but lower down they are transversely con- 
nected ( Figs. 115-117 ) till they eventually 
reach the tips of the taller dorsal pollen 
sacs and the shorter ventral pollen sacs. 
Thereafter they dwindle into a short 
strip in the septa between the adjacent 
pollen sacs ( Fig. 118). This short strip 
is also soon eliminated so that for their 
greater length the septa do not have a 
resorption tissue ( Figs. 119-121 ). 

In anthers 77, iii and viii, ix of C. obtusi- 
folia, the apex is bilobed with two short 
obliquely placed stomia at the summit 
(Fig. 122) or there is a single crescent- 
like stomium extending transversely across 
the undivided apex ( Fig. 123). Depend- 
ing upon such a development these anthers 
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Fics. 95-140 — (7, resorption tissue; ri, ridge; the rest of the labelling as for Figs. 70-94). 


Fig. 95. Old sutural region of C. laevigata in t.s. x 133. 
b. a, Upper part, of anther; b, a vertical plan of it. x 12. 


at different levels. 


of Fig. 102 as indicated. x 133. 


Figs. 96-111. C. occidentalis. 
Figs. 97-105. 


Fig. 96a, 
Transections of anther 


_ Stippled areas indicate resorption tissue and hatching indicate the sutural 
plugs and the specialized hypodermis of stomial region. x 12. 


Figs. 131-140. Transections of undehisced anther at the levels indicated in Fig. 130. Stippled 
areas indicate resorption tissue and hatching the specialized hypodermis. x 18. | 


Fics. 95-140. 
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dehisce either by two distinct pores or by 
a single transverse pore. At the very tip 
of these anthers, the resorption tissue 
forms a complete ring and the hypodermis 
is specialized all round ( Fig. 124). The 
resorption zone becomes semi-lunar below 
(Fig. 125) and connects with the tips of 
the taller and shorter ventral pollen sacs 
below ( Figs. 126, 127). For the rest of 
their length all these anthers have the 
same structure as the others already 
described. Sutures are developed, but 
they stop short of the stomia and also the 
base of the thecae. The sutural plug is 
quite massive and the clamp consists of 
about 3-4 layers of sclerified cells ( Fig. 
128). As in C. glauca and C. auriculata 
the hypodermal cells (th) adjoining the 
sutural plug are elongated and differen- 
tially thickened like their counterparts in 
the stomial region. 

All anthers of C. stamea develop a single 
crescent-like stomium across the sterile 
flattened tip ( Figs. 129, 130). The limits 
of this stomium and its resorption tissue 
and the latter’s connections with the tips 
of the pollen sacs will be evident from 
Figs. 131-135. In this species sutures 
are not developed in any of the anthers 
which, therefore, remain unfurrowed and 
quite smooth along their sides even when 
mature and dehisced ( Figs. 134-140, 141 ). 


Dehiscence of the Anther 


Preceding the actual dehiscence of the 
anther there occurs an extensive dissolu- 
tion of tissues. In all cases it is the small- 
celled resorption tissue which is the first 
to thus disintegrate as the anther 
matures. At 7, in Fig. 67 there is seen 
an early stage of such a dissolution and 
Fig. 142 shows a late stage where all of 
the resorption tissue has been consumed. 
However, this process of lysis, which is 
apparently due to enzymes, does not stop 
with the complete elimination of the re- 
sorption tissue. It continues till much 
of the adjacent large-celled parenchyma 
that filled the sterile tip of the anther is 
also consumed. Such extensive loss of 
tissue leaves the sterile tip hollow save for 
the sclerified parts which persist and serve 
to render the tip rigid and non-collapsible. 
Depending upon whether the two masses 
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of resorption tissue were unconnected or 
transversely connected, two independent 
cavities are formed in the tip or a single 
continuous one. In either case the cavi- 
ties or cavity leads down to the tips of the 
pollen sacs which will have also fused by 
now. The actual dehiscence of the anther 
occurs by the rupture of the anther wall 
along the weakened stomia. The unequal 
shrinkage of the differentially thickened 
adjacent hypodermal cells causes the split 
valves of the anther wall to part widely 
and thereby the initial narrow openings 
formed by dehiscence are broadened into 
chinks or pores. These openings com- 
municate with the fused pollen sacs 
through the intervening cavity or cavities 
of the sterile anther tip and the escape of 
the pollen is thus ensured. 

As already mentioned, in the lower part 
of the anther, the adjacent pollen sacs of 
the two thecae fuse along part or the whole 
of their length. Such coalescence is 
brought about by the disorganization of 
the intervening septa. Where distinct or 
indistinct septal resorption tissues occur, 


they dissolve away first, creating a narrow 


passage which gradually widens as more 
and more of the parenchyma constituting 
the septa proper also become involved in 
such a process ( in the same manner as the 
parenchyma filling the sterile anther tips ). 
However, where no _ resorption tissue: 
existed, the septa may or may not rupture 
and in the latter case, the adjacent pollen 
sacs in the two thecae remain distinct and 
uncoalesced for part of their length. 

In the case of the sutures, the epidermal 
plugs disorganize and it is in their place 
that there arise the furrows which are so 
prominent along the sides of dehisced 
anthers of most of the species. However, 
in spite of this, in no case does the anther 
wall dehisce along these furrows although _ 
in all anthers of C. glauca and C. auri- 
culata and in some anthers of C. laevigata 
the furrows are quite continuous with the 
subapical chinks by virtue of the sutures 
having earlier developed as downward 
continuations of the stomial furrows. 
The failure of dehiscence of the anther 
along the sutures is accounted primarily 
by the thickened one or more layered 
sutural clamps which bridge the anther 
wall across the sutural furrows and prevent # 
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Figs. 141-151 — (bse, broken septum; c, cavity of the hollow anther tip; ch, chink; cl, sutural 
lamp; f, lateral sutural furrow formed in place of the disorganized sutural plugs; »pl, disorganized 
emains of sutural plug; scl, sclerified layers; th, thickened hypodermis ). Fig. 141. Part of t.s. anther 
f C. siamea in the lower region to show the-absence of a suture along the septum. x 206. Fig. 142. 
art of sterile tip of an old anther of C. laevigata. x 127. Figs. 143-146. Transections of dehisced 
nther of C. glauca at levels indicated in Fig. 14a. x 17. Figs. 143A, 145A. Magnifications of 
arts indicated in Figs. 143, 145 respectively. x 127. Figs. 147-151. Transections of dehisced 
nther of C. auriculata at levels indicated in Fig. 15a. x 17. Figs. 147A, 149A. Magnifications 
' parts indicated in Figs. 147, 149 respectively. Fig. 147A. x 127; Fig. 149A. x 86. 
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its rupture along them. Therefore, the 
subapical chinks or pores at the anther 
tip remain strictly circumscribed to the 
stomial areas alone, and in no case do they 
tend to lengthen downwards as vertical 
slits along the sides of the anther. It 
may also be recalled here that in the 
anthers of C. glauca, C. auriculata and C. 
obtusifolia, the hypodermal cells flanking 
the sutures are specially thickened in the 
same way as those at the anther tip and 
should, therefore, be capable of similar 
mechanical action. However, the sutural 
clamps seem to be too strong to allow them 
scope for such action which might have 
otherwise enabled the rupture of the 
anther wall in this region. 

Figs. 143-146 are transections of a de- 
hisced anther of C. glauca at the levels in- 
dicated in Fig. 14a. Figs. 143A and 145A 
are magnifications. It will be seen that 
there is a single continuous cavity (c) 
connecting both the chinks internally and 
lower down, with the fused pollen sacs of 
both the thecae. The midrib of the sterile 
tip is strengthened by heavy sclerification 
of cells ( scl in Fig. 143A). Although con- 
sisting of only one layer of cells, yet the 
sutural clamp is intact and bridges the 
deep furrow formed by the disorganization 
of the sutural plug (Fig. 145A). Figs. 
147-151, 147A and 149A show similar 
features of the dehisced anther of C. 
auriculata. The sutural clamp is stronger 
in this case as it consists of two layers of 
heavily sclerified cells. For a short length 
near the base of the anther, the septa re- 
main unbroken and hence the pollen sacs 
are distinct and uncoalesced ( Fig. 150). 
The single gaping pore of anthers of C. 
laevigata is formed in place of the original 
crescent-like stomium and in anthers 7, 
ti, vit, ix is continuous as the lateral 
sutural furrows along the entire length of 
the two thecae (see Figs. 17, 22). The 
split valve of the anther wall below the 
pore appears like a tongue of tissue. The 
pore leads down separately into the fused 
pollen sacs of the thecae ( Figs. 152-156). 
The tip becomes rather flattened as a 
result of the disappearance of much of the 
internal parenchymatous tissue that filled 
it before. The few sclerenchymatous cells 
are also more or less separated ( Fig. 
153A). The two pores of C. occidentalis 
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are angular because they are broader where 
the stomia were originally wider and 
narrower where they were narrow. The 
tip of the anther becomes rather flattened 


a 


as a result of the disorganization of much | 


of the internal tissue. However, a mass 
of sclerenchymatous cells along each 
margin prevents a total collapse of the tip 
(Fig. 157). In anthers vi, ix though 
the two pores are quite independent ex- 
ternally, they are one internally because 
it may be recalled that the two stomia 
were originally connected by a common 
resorption tissue (see Figs. 109, 110). 
In anthers ii, 777, vi, vit, however, the two 
pores communicate independently with 
the fused pollen sacs of each theca 
( Figs. 158-160). In these anthers and in 
all others, adjacent pollen sacs of the two 
thecae remain uncoalesced along their 
greater length ( Figs. 161-164 ) because the 
septa remain intact wherever they had 
lacked septal resorption tissue. 


But in this species the short and narrow 
sutural plug does not disorganize im- 
mediately on dehiscence. 
the hypodermal clamp is there to prevent 
the anther wall from splitting along this 
region ( Fig. 165A). 


Figs. 166-168 and 167A show the struc- 
ture of the dehisced anther tip of €. 
obtusifolia and the connection between the 


two pores and the pollen sacs in the two 
thecae. Figs. 169-172 and 169A show the 
structure of the undehisced lower parts. 
The sutural clamp is very well developed 
and it is straight and not U-shaped as in 
the other cases ( Fig. 169A). For a con- 
siderable length of the anther, the septa 
fail to disorganize and hence the adjacent 


pollen sacs of the two thecae remain 


distinct and uncoalesced ( Figs. 170-172). 
As already seen, anthers 77, 111 and wii, 


ix of this species dehisce either by two‘ 
obliquely placed pores or by a single” 
transverse pore ( see Figs. 43, 44 ) depend- 
ing upon whether this arose in place of 
two distinct stomia or a single transverse” 
The con- - 
nection of the pore or pores (only one is + 
seen in Figs. 173, 173A.) with the pollen: 
sacs will be evident from Figs. 174-177. # 


stomium ( see Figs. 122, 123 ). 


At theg 
sterile base of the anther, a cavity arises — 
by the dissolution of the resorption tissue — 
and part of the parenchyma (Fig. 165). 


Even if it does, © 
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Figs. 152-172 -- (P, pore; pl, sutural plug; the rest of the labelling as for Figs. 141-151). 
igs. 152-156. Transections of dehisced anther of C. laevigata at levels indicated in igs id, x 13) 
ig. 153A. Magnification of part of Fig. 153 as indicated. x 129. Figs. 157-165. C. occidentalis. 
ig. 157. Part of tip of dehisced anther in t.s. x 129. Figs. 158-165. Transections of dehisced 
nther at levels indicated in Fig. 23. x 11. Fig. 165A. Magnification of part indicated in Fig. 165. 
129. Figs. 166-172. Transections of dehisced anther of C. obtusifolia at levels indicated in Figs. 
3, 39. x 19. Figs. 167A, 169A. Magnifications of parts indicated in Figs. 167, 169 respectively. 
ig. 167A. x 129; Fig. 169A. x 210. 
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A single crescent-like chink is formed in 
anthers of C. siamea. The split valve of 
the anther wall below the chink persists 
as a tongue (see Figs. 45, 46). The 
opening leads down to the fused pollen 
sacs in the thecae and the mature anther 
remains smooth and unfurrowed along its 
sides owing to the lack of sutures ( Figs. 
178, 178A, 179-181, 181A, 182, 183 ). 


Staminodes 


Cassia glauca is exceptional in this sub- 
genus in having all the stamens fertile 
and antheriferous in a flower. In other 
species, the three posterior members of 
the androecium are usually reduced to 
staminodes. The staminodes are char- 
acteristic of each species ( Figs. 184-203 ). 
As a rule, they have short and slender 
filaments terminating in sterile flattened 
blades in place of anthers and the median 
staminode ( x ) is generally larger than the 
lateral ones (iv, v). In C. occidentalis 
the margins of the blades are crisped 
( Figs. 189-191 ) and the median staminode 
ends in a reflexed beak. The additional 
staminode 7 of this species ( Figs. 192- 
196 ) differs from others and recalls, both 
in form and structure, a fertile anther. 
As already described, this staminode is 
sometimes unreduced and fertile. Stami- 
nodes of C. hirsuta are more or less 
similar ( Figs. 197, 198). In C. obtusi- 
folia ( Figs. 199-201) the filament and 
blade are not very distinct and the apex 
of the staminode is emarginate. Stami- 
nodes of C. siamea are thick and fleshy 
( Figs. 202, 203 ). 

The vascular bundle of the staminode is 
either unbranched or irregularly branched 
in the blade. 

Figs. 204-211 show the structural fea- 
tures of the staminodes. The blades fail to 
differentiate sporogenous tissue. Instead, 
they contain a matrix of parenchyma in 
which typical resorption tissue may also 
develop in place of the pollen sacs. The 
central sterile tissue is invested by the 
epidermis, thickened hypodermis and wall 
layers. Rudimentary stomia may de- 
velop at the tip of the blade and sutures 
arise along either margins of it. The 
sutures have the same structure as in 
fertile anthers, though usually they are 
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much broader here and correspondingly 
the sutural plugs are also very massive. 
Further, the sutures are developed along 
the entire margin of the blades although 
in some or all of the fertile anthers the 
sutures may be incomplete or very short. 
In C. siamea, however, where fertile an- 
thers are devoid of sutures, the staminodes 
also lack them ( Figs. 212-217). 

In mature staminodes the resorption 
tissue, if any, and part of the paren- 
chymatous matrix disintegrate and hollow 
cavities are formed in their place ( Figs. 
218-218A ). The sutural plugs also dis- 
integrate, but the sutural clamps persist 
and prevent the margins from splitting. 
However, where rudimentary stomia are 
formed the blade splits along them to give 
rise to openings ( Figs. 219-221). 


Discussion 


From the descriptions given in this 
paper and in the previous ones ( Ven- 


katesh, 1956a, b), it will be evident that — 


the genus Cassia displays a bewildering 
variety in the form, structure and de- 


hiscence of the anther, not only in the © 


different subgenera but also in the different 
species belonging to the same subgenus. 


In the genus as a whole, there is evidence » 


of advancing sterility and reduction of the 


stamens, a change which, in the subgenera « 
Fistula and Senna, chiefly concerns the — 


posterior side of the flower, and involves 


the posterior stamens belonging to both — 


the staminal whorls. In the subgenus 
Fistula, however, apart from their smaller 
size, anthers of the three posterior stamens 
develop pollen and show normal structural 
features. 
C. glauca has all the stamens antheriferous 
whereas in all others, usually the three 


In the subgenus Senna, only — 


posterior stamens are reduced to stami- … 


nodes which bear flattened blades in place 
of anthers. In C. occidentalis, reduction 
has progressed further and usually, though 
not consistently, the anterior stamen is 
also represented by a staminode, although 
its blade bears a closer structural re- 
semblance to fertile anthers than to the 
blades of the usual three posterior stami- 
nodes. Further, occasionally, this stamen 
bears a fertile anther of normal structure. 
All these features suggest that the reduc- 
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tion of the anterior stamen is of a more sion of some of the stamens as seen in C. 
recent origin. In the subgenus Lasiorheg- absus. Further, in this subgenus, the 
ma, there is no sterilization of the stamens, tendency for such reduction is not located 
but reduction amounts to a total Suppres- towards one or the other side of the flower, 
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Fics. 173-191 — (vse, remains of septum; the rest of the labelling as for Figs. 152-172). 
igs. 173-177. C. obtusifolia. Fig. 173. V.s. through tip of dehisced anther of it, iit, vidi, ix type. 
20. Fig. 173A. Magnification of part of Fig. 173 as indicated. x 137. Figs. 174-177. Tran- 
ctions of such an anther in the terminal region. Hatching indicates specialized hypodermis 
f the stomial region. x 20. Figs. 178-183. Transections of dehisced anther of C. siamea from 
1e tip downwards. Hatching indicates the specialized hypodermis of the stomial region. x 19. 
igs. 178A, 181A. Magnifications of parts indicated in Figs. 178, 181 respectively. Fig. 178A, 
137; Fig. 181A. x 92. Figs. 184-191. Mature staminodes of C. auriculata ( Figs. 184-186 ), 
. laevigata ( Figs. 187, 188) and C. occidentalis ( Figs. 189-191). x 7. 
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Fics. 192-221. 
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but involves the central region where some 
or all of the inner whorl of antepetalous 
stamens are involved. It is also interest- 
ing to note in this connection the existence 
of a disparity in the time taken for pollen 
maturation in the different stamens of a 
flower. Where such a disparity occurs, 
it is the anthers on the anterior side of the 
flower that are quicker in the maturation 
of their pollen. However, in the subgenus 
Lasiorhegma, there appears to exist a 
tendency for anthers of the outer staminal 
whorl to mature their pollen quicker than 
those of the inner whorl. 

Of the three subgenera of Cassia, the 
largest subgenus Senna shows the greatest 
variety in its androecium. Each species 
of this group has almost its own charac- 
teristic androecium with distinctive gene- 
ral features and structure of its anther. 
Even anthers in different positions of the 
same flower usually differ in details of 
form, structure and also in dehiscence. 

The stamen filament usually contains a 
single C or U-shaped vascular bundle, but 
sometimes the bundle is siphonostelic. 
The behaviour of the vascular bundle in 
the connective varies, however, in the dif- 
ferent cases. 

Despite the wide range of variation in it, 
the subgenus as a whole shows an under- 
lying general similarity in the construction 
of its anthers. In all the species investi- 
gated, the tips of the anthers have become 
sterilized and variously specialized for the 
purpose of dehiscence which occurs by 
solitary or paired chinks or pores situated 
in this region. The single transversely 
placed stomium or the two laterally placed 
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stomia are narrow and linear as in an 
ordinary anther, but they are very short 
and restricted only to the sterile tip. 
Although it is the thickened hypodermis 
which plays the active mechanical role in 
dehiscence, it does not differentiate into a 
typical fibrous layer as in an ordinary 
anther. On the other hand, in the neigh- 
bourhood of the stomial region, this layer 
becomes specialized by the enlargement 
and unequal thickening of its cells. It is 
the differential shrinkage of these un- 
equally thickened cells at maturity which 
causes the split edges of the anther wall 
to shrink and thereby widen into chinks 
or pores, the initial narrow linear openings 
formed in place of the stomia. The sterile 
tip of the anther, where dehiscence re- 
mains confined in these species, consists 
of well-defined zones of small-celled re- 
sorption tissue. Together with such tissue 
there exists a large-celled parenchyma 
which actually constitutes the bulk of 
the anther tip. Subepidermal sclerenchy- 
matous zones are also organized in dif- 
ferent ways and they serve to give mecha- 
nical rigidity to the tip which becomes 
hollowed at maturity due to the dissolu- 
tion of not only the resorption tissue but 
also of much of the parenchyma. How- 
ever, in the actual stomial area, these 
thickened layers as well as the specially 
thickened hypodermis are interrupted by 
the resorption tissue which immediately 
underlies and abuts on the unthickened 
epidermis or epidermal plug filling the 
stomial grooves. All the pollen sacs stop 
short of the sterile anther tip, though the 
dorsal pair is usually the taller. However, 


Fics. 192-221 — (rc, cavity formed by dissolution of resorption tissue and part of parenchyma; 


ti, matrix of parenchyma; the rest of the labelling as for Figs. 95-172 ). 


Figs. 192-196. Staminode 


i of C. occidentalis ( Fig. 192 ) and transections of it at the levels indicated ( Figs. 193-196). x 13. 


Fig. 193A. Magnification of part indicated in Fig. 193. x,324. Figs. 197-203. 
C. hirsuta ( Figs. 197, 198), C. obtusifolia ( Figs. 199-201 ) and C. siamea ( Figs. 202, 203). 
Figs. 204, 205. T.s. young and old staminode of C. auriculata 


197, 198. x 11; Figs. 199-203. x 7. 


Staminodes of 
Figs. 


respectively. x 20. Figs. 204A, 205A. Magnifications of parts indicated in Figs. 204, 205 respec- 
tively. Fig. 204A. x 234; Fig. 205. x 97. Fig. 206. T.s. part of staminode of C. laevigata. 
x 97. Figs. 207-210. Transections of posterior staminode of C. occidentalis at the levels indicated 
in Fig. 190. x 22. Fig. 209A. Magnification of part indicated in Fig. 209. x 144. Fig. 211. T.s. 
staminode of C. obtusifolia. x 20. Fig. 211A. Magnification of part indicated in Fig. 211. x 324. 
Figs. 212-217. Transections of staminode of C. siamea at levels indicated in Fig. 203. x 20. Fig. 
215A. Magnification of part indicated in Fig. 215. x 144. Fig. 218. T.s. mature staminode of 
C. auriculata. x 20. Fig. 218A. Magnification of part indicated in Fig. 218. x 97. Figs. 219- 
221. Transections of mature staminode of C. siamea from tip downwards. x 20. 
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the tips of all the pollen sacs are connect- 
ed with the stomium or the stomia by 
means of the resorption tissue. 

Lateral sutures occur along the sides of 
anthers of most of the species of the sub- 
genus Senna. Like the actual stomium or 
stomia of the anther tip, these sutures also 
arise as lateral depressions of the develop- 
ing anther wall. These sutural depres- 
sions may or may not be continuous with 
the stomial depressions. In any case the 
epidermal and subepidermal cells lining 
them behave differently. The plugs dis- 
integrate at maturity and in their places 
appear the lateral sutural furrows of the 
open anther. The sutural clamps, how- 
ever, prevent the dehiscence of the anther 
along these furrows, even though the latter 
may be in uninterrupted continuity with 
the terminal openings. In some species, 
the hypodermal cells flanking the sutural 
plugs are unequally thickened and re- 
semble the specialized cells of this layer in 
the neighbourhood of the stomial region 
which are active in dehiscence. There- 
fore, in their position, ontogeny and other 
structural features, these lateral sutures 
are homologous to the long, linear stomia 
which were once functional. Their occur- 
rence and behaviour shows conclusively 
that in this subgenus also, the prevailing 
subapical or apical dehiscence is derived 
from an original complete longitudinal 
dehiscence of the anther wall along the 
entire length of each theca. 

From the different features of anthers 
of the subgenus Senna, it is possible to 
visualize a number of steps that led 
from an original complete longitudinal de- 
hiscence to the now prevalent subapical 
or apical dehiscence. It appears that the 
two original complete stomia came to have 
a more and more restricted development 
towards the anther tip which also became 
sterilized and specialized for the purpose 
of such restricted dehiscence. With the 
upward shifting of dehiscence, the lower 
teaches of the stomia became either 
sutured or totally obliterated. Having 
become greatly shortened, the two stomia 
are yet distinct from each other and occupy 
a subapical position in the anthers of 
some species ( Cassia glauca, C. auriculata, 
C. occidentalis and C. hirsuta) though 
frequently they are internally connected 
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with a common resorption tissue. How- 
ever, in other cases the two shortened 
stomia of the two thecae have lost their 
distinctness by merging with each other 
across the tip of the anther and develop- 
ing as a solitary stomium serving to open 
both thecae of the anther (C. laevigata, 
C. siamea). In C. obtusifolia both the 
conditions prevail in the different anthers 
of a flower. C. glauca seems to have the 
least modified type of anther in this sub- 
genus. In this species, not only are all the 
ten stamens fertile and antheriferous, but 
in all of them the broad sutural furrows 
are continuous with the subapical chinks 
and extend along the entire length of each 
anther lobe. Further, the transition from 
the stomial to the sutural region is not very 
marked and the sutural clamp is very 
poorly organized. It consists of only a 
single layer of little thickened cells and in 
the mature anther it shows signs of 
breaking up. The sutural clamp is better 
developed in C. auriculata though in this 
case also the sutural furrows are con- 
tinuous with the chinks. In C. laevigata 
only some anthers have the furrows con- 
tinuous with the pore, but in all of them 
the stomium is solitary. In C. obtusifolia 
the sutures are never continuous with the 
pore or pores, though they extend over 
the greater length of the anther. This is 
also true of C. hirsuta. In C. occidentalis 
the sutures are very short and nearly 
obliterated. However, in both C. hirsuta 
and C. occidentalis the two stomia are 
still distinct. In C. siamea there is a soli- 
tary stomium and absolutely no tracé of 
sutures. 

While recognizing the important dif- 
ferences in the androecium of the three 
groups Fistula, Lasiorhegma and Senna, 
Engler and Prantl ( 1894) chose to main- 
tain them only as subgenera of a large 
genus Cassia. The present investigation 
has shown that not only in their exter- 
nal form but also in their structure and 


‘fundamental plan of construction, stamens 


and anthers of the three subgenera are 
quite distinctive. They have little in 
common except that in all cases, there has 
been specialization in dehiscence. Apart 
from these there are important differences 
in characters of the fruit, general habit, 
etc. All these differences seem sufficient to 


1957 ] 


warrant the segregation of the three sub- 
genera to independent generic status. 


Summary 


The genus Cassia shows a great variety 
in its androecium. The external form, 
fertility, internal structure and the mode 
of dehiscence of the anthers are widely 
variable not only in the three subgenera 
but also in different species belonging to 
the same subgenus, especially of Senna. 
Minor differences occur in the different 
stamens of a flower. 

In all the species investigated, of the 
subgenus Senna, the anther wall is massive 
and consists of several layers, of which the 
hypodermis becomes variously sclerified. 
However, fibrous thickenings were not 
seen in any of the species investigated. 
The tapetum is of the secretory type. 

The anther dehisces only at its tip, 
which remains sterile and is specialized 
for this purpose. One or two subapical 
or apical chinks or pores are formed on 
dehiscence. They arise in place of a cor- 
responding number of short linear stomia 
which develop only at the tip, but are con- 
nected with the pollen sacs by intervening 
zones of small-celled resorption tissue. | 

In the neighbourhood of the stomia, 
the hypodermal cells become differentially 
thickened on their walls and by unequal 
shrinkage at maturity cause the split 
valves of the anther wall to gape widely 
to give rise to the chinks or pores. 

Prior to actual dehiscence, there is an 
extensive lysis of the resorption and other 
neighbouring tissues which serves to con- 
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nect the pollen sacs with the stomia 
through a hollow cavity in the anther tip. 
This process also weakens the stomia 
which are now left with only the epidermis 
covering them. This part soon dis- 
organizes and thereby the anther wall 
splits along the stomia. 

Lateral sutures occur along the sides of 
the anthers of many species. They may 
be complete and be continuous from the 
stomia downwards along the entire length 
of the thecae or they may be variously 
limited to different lengths of them. 
Subepidermal clamps prevent the splitting 
of the anther along the sutures although 
the epidermal plugs filling them usually 
disorganize at maturity and in their place 
are formed lateral furrows which are cons- 
picuous on the sides of the anthers of 
several species. 

The sutures represent vestigial stomia as 
judged by their position, development and 
structure. Their occurrence shows that 
the prevalent poricidal dehiscence of 
anthers of this group has been derived 
from an original complete longitudinal 
dehiscence. 

The staminodes recall the fertile anthers 
in many of their structural features, but 
they normally remain sterile. 

Because of the wide divergence seen not 
only in external form but also in the funda- 
mental construction of the anther in the 
three subgenera, the opinion is expressed 
that the subgeneta may be segregated as 
independent genera. Differences in char- 
acters of the fruit, general habit, etc., 
also support such a contention. 

I am thankful to Professor P. Mahesh- 
wari for suggestions and criticism. 
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